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Martin  Folk.es,  Efq ; 

V  I  C  E-P  R  E  S  I  DENT 

O  F  T  H  E 

ROYAL  SOCIETY,  &c. 


SIR, 


HE  Reputation  You  have  ac¬ 
quired  of  a  general  and  pro¬ 
found  Knowledge  in  the 
Arts  and  Sciences,  as  well  Literary  as 
Mathematical,  and  Your  particular 
Tafte  for  Optics ,  and  the  more  deli- 

■  a  3  cate 


vi  DEDICATION. 

cate  Pleafures  arifing  from  the  vari¬ 
ous  Effeds  and  Inventions  of  that 
noble  Science,  point  You  out  as  the . 
mofl:  proper  Patron  for  my  Syjlem  of 
Optics.  And  I  prefume  the  more 
freely  to  put  my  Book  out  under  the 
Patronage  of  Your  Name,  as  You 
have  been  plea  fed  to  let  me  know 
You  thought  my  former  Pieces  worth 
Your  Notice  and  Perufal.  And  as 
You  have  honoured  me  with  Your 
Approbation  of  my  new  Pocket  Micro- 
fcopes,  I  ihall  take  the  Freedom,  e'er 
long,  of  prefenting  You  with  feme- 
tiling  new  in  the  Refleciing-Tele- 
fcope  Way,  if  Succels  attends  my 
Deligns.  I  lhould  think  myfelf  in 
nothing  happier,  than  in  doing  fome- 
thing  that  You  fhall  approve  and  ac¬ 
cept.  And  it  the  following  Book 
can  be  thought  to  have  fo  much 

Merit, 


DEDICATION.  vA 

Merit,  my  high  eft  Ambition  will  be 
fatisfied  :  And  I  take  this  Opportuni¬ 
ty  of  letting  You  know  how  much 
I  value  Your  Judgment  and  Friend- 
fhip,  and  am,  with  all  Gratitude  and 
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S  I  R, 


Your  mojl  obliged ,  and 


Moft  obedient  Servant , 


B  e  n  j.  Martin. 
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PREFACE 


AS  the  Eye  among  the  Organs 
of  the  Body ,  fo  Optics  among 
'  the  Sciences ,  is  the  mojl  de¬ 
licate  ■>  curious ,  and  ufeful ;  as  the  Parts 
and  StruElure  of  the  Rye  furpafs  that 
of  mojl  other  organical  Parts ,  in  Point 
of  Mechanifm  and  wondrous  Contri¬ 
vance ,  fo  the  Principles  and  Theorems 
of  Optics  are  of  a  peculiar  Nature , 
wonderful  in  their  harmonious  Origin , 
and  exprefs  a  whole  Science  in  a  Line. 
Lajllyy  As  the  Eye  is  that  Organ  by 

which 
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which  we  have  all  cur  Ideas  of  the 
Magnitude ,  Order ,  Number ,  Difpo- 
Jition ,  Colours ,  &c.  of  Thmgs  about 

us  ;  yl?  Optics  fr  that  Science  which  a- 

.  • 

lone  accounts  for  the  Reafon  and  Man¬ 
ner  of  fuch  Senfations  :  And  a  Man 
not  verfed  in  the  Vifual  Science,  • can 
no  more  properly  be  faid  to  fee  Things 
rationally,  than  a  Quadruped ;  and 
has  little  better  Notions  of  apparent 
Magnitudes  and  Dijlances  of  Things^ 
than  a  blind  Man  has  of  Colours . 

THUS  Optics  is  in  itfelf  of  the 
lafl  Importance ,  and  to  be  well  under¬ 
flood  to  difcrimmate  the  Man  from  the 
Brute ,  in  Regard  of  the  noble  Senle 
of  Seeing.  But  this  is  not  all ;  it  is 
alfo  the  Ground- Work,  or  Fundamen¬ 
tal  Science,  to  many  others ,  as  Perfpec- 
tive.  Painting,  Architecture,  Aftrono- 

my> 
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my,  Dialling,  Surveying,  &*c.  How 
lame  and  imperfect  muft  any  of  thofe 
Arts  and  Artifls  bey  were  they  not  af~  > 
fifed  and  Juccoured  by  the  Principles 
and  Rules  of  this  noble  Science  f 

**V 

AG  A I  Nf  If  we  regard  Curiofi - 
ty ,  what  Science  can  compare  with 
Optics,  in  the  whole  Encyclopaedia  f 
What  Gratifications  of  Senfe  fo  exqui- 
fite  as  thofe  of  Sight  f  By  Optics  the 
Heavens  have  been  revealed  to  us ;  the 
Spots  and  Feculce  on  the  Face  of  the 
Sun,  the  Horns  and  warning  Phafes  of 
Venus,  the  Mountains  and  Vi ales  in 
the  Moon,  the  Satellites  and  Belts  of 
Jupiter,  and  Saturn  with  his  wondrous 
Ring  ;  befedes  innumerable  Stars  not 
otherwife  to  be  feen  but  by  the  ‘Tele- 
feope  !  What  Pleafure ,  yea,  how  ufe- 
ful  is  it ,  to  have  QbjeEls  thirty  or  forty 

Miles 
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Miles  off,  brought  within  the  Diftance 
of  one  Mile ,  or  half  a  Mile  f~  Yet  this 
the  Telefcope  effeSls.  Again ,  What 
Difcoveries  have  been  made  in  the 
World  of  Miniature,  where  ObjeEls  fo 
very  fmall  as  otherwife  mufl  ever  have  * 
been  unfeen  and  unknown  by  us,  are 
made  confpicuous,  and  rendered  vifible 
in  their  minuter  Parts  f  Who  could 
ever -  have  thought  of  the  Animalcule 
in  Water,  in  Semine,  &fc.  1 "he  Reis 
in  V inegar  and  W iter  ;  the  Pores  and 
Air-V ffels  in  Wood ;  the  'pearly  Drops 
on  Leaves  of  various  Plants  ;  the  ve- 
fcular  Subflance  of  Beans,  Peafe,  and 
all  Kind  of  Pidfe  ;  the  curious  Forms, 
the  particular  StruElure  of  Parts,  and 
the  rich  Colours  that  adorn  mojl  of  the 
invifible  Tribes  of  Animals  !  Yet  all 
this,  and  ten  thoufand  times  more,  is 
performable  by  the  Microlcope ;  an  In- 

frument 
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ftrument  which  no  reafonable  Man 
(hould.  want ,  inasmuch  as  it  ferves  him 
injlmd  of  Microfcopic  Eyes.  As  to 
the  Beneft  thofe  receive  from  this 
Science ,  whofe  Eyes  require  the  Aid  of 
*  Spectacles,  it  is  fo  great  an  d  fo  gene¬ 
ral ,  that  it  would  be  meer  Impertinence 
to .  pretend  to  expatiate  upon  it ;  and 
many  other  invahiable  Blefftngs  refult 
from  this  Art  of  improving  Sight, 
which  the  Experience  of  Mankind  has 
long  fnce  evinced ,  we  cant  be  without , 
and  not  be  miferable. 

YET  notwithfanding  what  has  been 
faid  of  the  exceeding  TJfefulnefs  of  this 
Science ,  I  am  too  well  convinced  but 
very  few  underfland  any  ‘Thing  of  it. 
If  you  ajk  why  they  do  not  fiudy  Op¬ 
tics,  they  re-interrogate,  what  Books 
fhould  we  read?  If  you  refer  them  to 

Mr 
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Mr  Molyneaux,  that  is  too  large ,  and 
too  much  perplex'd  with  algebraical  So¬ 
lutions. ,  and  is  therefore  only  ft  for 
Scholars.  If  you  recommend  Dr  Gre- 

gory’j  Elements ,  the  Geometrical  De- 

* 

monf rations  of  every  Propoftion  deter 
the  Reader ,  and  Mr  Browne’ s  Supple¬ 
ment  thereto  involves  him  in  a  Laby¬ 
rinth  of  analytical  Invefiigations  and 
Solutions ,  with  little  Order  and  Per- 
fpicuity ,  and  great  want  of  Schemes. 
If  lafily ,  you  advife  them  to  read 
Dr  Smith’.?  Treatife  of  Optics,  they  tell 
you  it  is  too  expenfive,  and  fo  volumi¬ 
nous,  that  they  cannot  pretend  to  have 
\ 'Time  for  reading  fo  much  upon  the  . 
Subject,  befides  that  by  far  the  greatefl 
is  above  their  XJnderftanding.  llhefe , 

and fuch  like ,  are  the  Objections  to  the 
Books  extant ,  and  therefore  it  was 
judged  necejfary  to  draw  up  a  new 

Syftem 
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Syflem  of  Optics,  which  mighty  if 
pojfible ,  obviate  thofe  Objections,  and 
■remove  the  Difjcultipsc  that  have  hi¬ 
therto  difcouraged  Perfons  from  the 
Study  of  fo  excellent  a  Science. 

I  Ah  Order  to  this  I  judged  it  necef- 
fary  to  difpatch  the  Theory  in  as  fort, 
yet  plain  a  Manner  as  pojfible ;  this  in 
Catoptrics  I  have  done  from  the  ad¬ 
mirable  univerfal  'Theorem,  invented 
by  the  late  Mr  Humphrey  Ditton ; 
and  in  Dioptrics  I  was  fupplied  with 
that  wondrous  Theorem,  which  expreffes 
the  whole  Science  in  half  a  Tine,  and 
is  one  of  the  many  noble  Inventions  of 
the  juftly  renowned  Dr  Halley.  Thefe 
■two  general  Theorems  I  have  explained 
and  branched  out  into  all  the  particu¬ 
lar  Cafes  that  can  arife  from  different 
Rays,  Mir r ours,  and  Lenfes,  Dijlances,  'f  s 

and 
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and  Portions  of  ObjeSls  ;  and  after 
that ,  lefi  any  Jhould  not  underfand  the 
! Theory  in  Species ,  I  have  carefully  ex¬ 
plained ,  or  rather  exprejfed ,  each  Theo¬ 
rem  {in  Catoptrics  and  Dioptrics)  in 
Words  at  Length,  and  fo  reduced  them 
to  Rules ,  by  which  any  Cafe  may  be 
folved  truly ,  by  thofe  who  know  nothing 
of  Algebra  or  Geometry.  I  have  alfo 
given  Examples  {to  every  Cafe  that  re¬ 
quired  it)  in  Numbers,  and  illuf  rated 
them  by  Schemes  and  Figures  of  Rays, 
Mirrours,  and  Lenfes,  as  large  as  the 
Life,  which  has  never  been  done  before 
that  I  know  of 


AFTER  the  Theory ,  in  the  Third 
Part ,  you  have  an  Account  of  all  the 
ufeful  Optical  Infruments  and  Ma¬ 
chines,  whofe  Nature  and  Conf  ruElion , 
are  fully  explained  from  the  Theory  ; 

and 
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and  their  Ufes  exemplified  by  divers 
and  familiar  Examples.  In  fhort, 
whatever  I  judged  curious ,  new ,  and 
worth  the  Reader  s  Notice ,  I  have  in¬ 
fer  ted  it  all  along  ;  but  Jludioufly  .a- 
voided  all  nugatory  Ref  narks,  and  the 
Minutiae  of  the  Art,  off  one  Hand ; 
and  all  ojlentatious  Subtiltipj ,  and  ufe- 
lefs  Difquifitims-,-  that  may  puzzle  but 
not  profit  the  Reader.  My  foie  Defign 
being  to  render  the  Study  of  this  Science 
as  eafy,  delightful,  and  as  general,  as 
poffble ;  to  ejfeEl  which,  I  have  done 
all  that  is  is  in  my  Power ;  and  I  can 
neither  do  nor  fay  any  more. 
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CHAP.  I. 

•  '■'Tr  ‘  ' 

Z)  E  F  I  N  I  T  I  0  N  S. 

I.  ^~***S\.  P  T  I  C  S  is  a  Science  which 
B  H  teaches  the  Nature,  "Properties, 
m.  M  and  Laws  of  Vifion ,  arifing  from 
the  Rays  of  Light,  either  re¬ 
flected  from  the  Surfaces  of  Bodies,  or  re- 
JraCled  in  paffing  thro’  them,  and  painting 
the  Images  of  Obje&s  on  the  Retina  on  the 
Bottom  of  the  Eye.  Alfo  this  Science,  in  it’s  j 
moft  extenhve  Acceptation,  comprehends  the  ~~ 
whole  Dodtrine  of  Light  and  Colours i  and  all  -  '  ^  ~ 
the  Phenomena  or  Appearances  of  vifible  Ob¬ 
jects.  Optics,  therefore,  confifteth  of  three 
Parts,  viz.  Catoptrics ,  Dioptrics ,  and  Chro¬ 
matics. 


II.  Catoptrics  is  that  Part  which  treats 
of  Refietc  Vifion ,  or  all  that  relates  to  the  view¬ 
ing  of  Objefts  by  Light  reflected  from  the  Sur¬ 
faces  of  Bodies,  whether  plain ,  convex ,  con - 
cave ,  or  otherwife ;  and  in  Rays  diverging , 
converging, ,  or  parallel  to  each  other. 


r 
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III.  Dioptrics  treats  of  the  Properties  of 
Light  and  Vifion,  arifing  from  Rays  paffing 
thro*  tranfparent  Media  or  Bodies,  as  Airy 
Water ,  Glafs ,  Cryjlal ,  Diamond ,  &c. 

IV.  Chromatics  treats  of  the  Colours 
of  Light  and  natural  Bodies.  Of  this  Part 
Sir  Newtons  Optics  does  almoft  entirely 
confift. 

V.  Light  is  that  Property  of  fome  Bo¬ 
dies  by  which  Obje&s'  are  rendered  vijible ,  or 
capable  of  being  jeen  by  the  Eye.  It  confifts 
of  very  fmall  Particles  which  iffue  from  the 
luminous  Body  in  ftrait  Lines. 

VI.  Rays  or  Beams  of  Light  are  thofe 
Streams  or  Emanations  of  Light,  which  pro¬ 
ceed  from  the  luminous  Body,  and  enlighten 
or  illuminate  all  Objedts  fo  that  they  may  be 
jeen . 

VII.  The  Radiant  is  that  Body  or  Ob¬ 
ject  which  emits,  or  from  which  proceed,  the 
Rays  of  Light  under  Confideration  at  any 
Time. 

VIII.  The  Species  of  an  Objedl  is  the 
Image  or  Reprefentation  thereof,  made  by  the 
Rays  of  Light  in  the  Focus ,  or  Place  where 
they  unite. 


IX.  Parallel 
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IX.  Parallel  Rays,  are  fuch  as  proceed 
equally  diftant  from  each  other  thro’  all  their 
Courfe  ;  as  thofe  from  the  Sun,  and  other  vaft* 
ly  diftant  Objeds.  See  Fig.  i.  Plate  I. 

X.  Converging  Rays  are  fuch  as,  pro-* 
ceeding  from  a  Body,  approach  nearer  and 
nearer  together  in  their  Progrefs,  tending  to 
one  certain  Points  where  they  all  unite  ;  thus 
the  Rays  proceeding  from  the  Objed  A  B  to 
the  Point  F,  are  faid  to  converge  towards  that 
Point.  Fig.  2. 

XI.  Diverging  Rays  are  thofe.  Which, 
proceeding  from  any  Point,  as  A,  do  conti-* 
nually  recede  from  each  other  as  they  pafs 
along  in  their  Courfe  towards  BC.  Fig.  3. 

XII.  The  Focus  of  Rays  is  that  Point  to 
which  all  Converging  Rays  tend,  and  in 
which  they  unite  and  interfed  each  other  j 
as  the  Point  F,  Fig.  2.  And  this  is  called 
the  Real  Focus  j  but 

I  v*  .  ..  ..  V  *  1. 

XIII.  The  Virtual  or  imaginary  Focus^ 
is  a  Point,  as  F,  to  which  the  Rays  AB  tend,  i 
and  where  they  would  unite,  were  they  not 
intercepted  by  the  Obftacle  (fuppofe  a  Mirrour) 
C  D  ;  by  which  Means  they  are  turn'd  a  fide, 

1  and  made  to  converge  in  their  Real  Focus  F* 

j  ^  *§*  4* 

A  2,  XIV.  Rf-- 
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XIV.  Reflection  of  Rays  is  their  Re- 
grefls  or  Returning  from  the  Surface  of  fuch 
Bodies  on  which  they  fall,  and  cannot  pene¬ 
trate  or  enter.  Thus  the  Ray  BC  falling  on 
the  Surface  A  D,  is  reflected  or  turned  back 
or  up  again  in  the  Direction  CE. 

XV.  The  Plane  of  Reflection  is  that  in 
which  the  refleding  Point,  or  Surface,  is  fitu- 
ated,  as  A  D  in  Fig.  5.  and  a  d  in  Fig.  6  and  7. 

XVI.  Mirrours  or  Speculum f  are  thofe 
Bodies  whofe  Surfaces  are  fo  very  fmooth,  and 
finejpolifh’d,  as  to  be  impervious  to  the  Rays 
of  Light  which  fall  on  them,  and  which 
therefore  they  refled;  fo  entirely,  as  to  repre- 
fen.t  the  Images  of  ObjeCls  oppofed  to  them. 
Thefe  are  generally  made  of  Glafs  polifh’d  on 
one  Side,  and  quickfilver’d  on  the  other j  and 
are  either  plain ,  convex ,  or  concave. 

XVII.  Plain  Mirrours  are  thofe  whofe 
Surfaces  are  perfed  Planes ,  and  whofe  Sedion 
is  a Jlr ait  Line,  as  AD,  Fig.  5.  Note,  thefe 
are  vulgarly  called  Looking-Glafles. 

XVIII.  Convex  Mirrours  are  fuch 
whofe  Surfaces  do  every  Way  equally  and 
uniformly  rife  above  the  Plane  of  their  Bafes 
or  lowed  Parts ,  the  Sedion  of  which  Sort  of 
Mirrour  is  a  Curve ,  either  Circular ,  Elliptical 

Parabolical \ 
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Parabolical ,  ox  Hyperbolical.  See  Fig.  6.  where 
AD  is  a  Circular  Section,  and  the  Mir r our 
is  the  Segment  of  a  Globe ,  or  Spherical  Sur¬ 
face,  which  are  of  moil:  common  Ufe.  As 

XIX.  Concave  Mirrours  are  thofe 
whofe  Surfaces  fink  down  with  an  uniform 
Hollowneffor  Curvity,  below  the  upper  Parts 
A  D,  and  whofe  Section  alfo  is  a  Curve ,  as 
various  as  the  Convex  above ;  but  A  D  in 
Fig.  7.  is  circular,  and  it's  Surface  the  inter¬ 
nal  Part  of  an  hollow  Sphere >  as  being  mod  in 
Ufe. 

XX.  The  Incident  Ray  is  that  which 
comes  from  any  ObjeCt,  and  falls  on  the  re¬ 
flecting  Surface  as  B  C;  and  C  E  is  the  reflected 
Ray . 

XXL  The  Angle  of  Incidence  is  that 
which  is  contained  between  the  incident  Ray 
B  C,  and  a  perpendicular  to  the  reflecting  Sur¬ 
face  in  the  Point  of  Reflection  F  C,  viz.  the 
Angle  BCF.  Fig.  5,  6,  7.  1 

XXII.  The  Angle  of  Reflection  is 
that  contained  between  the  faid  perpendicular 
F  C,  and  the  reflected  Ray  C  E  \  viz .  the 
Angle  FCE.  Fig.  5,  6,  7. 

XXIII.  Refraction  of  Rays  is  their  be¬ 
ing  bent  or  turned  out  of  their  firft  Courfe, 

A  3  in 
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V.  ,  ,  ■ 

in  palling  out  of  one  Medium  into  another. 
Let  ADHI  be  a  Body  of  Water ,  A  D  it's 
Surface,  C  a  Point  in  which  a  Ray  of  Light 
B  C  (in  the  Air)  begins  to  enter  the  fame  ;  this 
Ray,  by  the  greater  Denlity  of  the  Water, 
will  be  refilled,  and  inllead  of  palling  flrait 
forwards  in  it’s  firft  Direction  to  K,  it  will  be 
bent  therefrom,  and  made  to  defcribe  the 
Tradl  C  E,  which  is  called  the  refradled  Ray . 
Let  F  G  be  drawn  perpendicular  to  the  Sur¬ 
face  of  the  Medium  in  C,  then  it  is  plain 
the  Ray  B  C,  in  palling  out  of  a  rarer  Me¬ 
dium  {viz.  of  Air)  into  a  denfer  Medium , 
{viz.  of  Water)  is  refradled  into  a  Ray  C  E, 
which  is  nearer  to  the-  perpendicular  C  G, 
than  the  incident  Ray  ;  and,  on  the  contrary, 
the  Ray  E  C  palling  out  of  a  denfer  into  a 
rarer  Medium ,  will  be  refradled  into  C  B, 
which  is  farther  from  the  perpendicular. 

XXIV.  The  Angle  BCF  is  the  Angle  of 
Incidence ,  as  before;  and  ECG  is  the  Angle 
of  Rejradlion ,  as  being  contained  between 
the  refradled  Ray  CE,  and  the  perpendicu¬ 
lar  C  G. 

XXV.  A  Lens  is  a  Medium,  generally  of 
Glajs ,  of  a  proper  Form  to  colledl  or  dijferfe 
the  Rays  of  Light  which  pafs  through  it. 
Of  thele  there  be  various  Forms,  and  wdiich, 
from  thence,  receive  divers  Names.  As 


XXVI.  A 
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XXVI.  A  Plano-Convex,  which  hath 
!  one  Side  plain,  the  other  Spherical  or  Convex ; 
as  (Fig.  9.)  A. 

XXVII.  A  Plano-Concave,  plain  on 
jj  one  Side,  and  concave  on  the  other  ;  as  B, 
Fig.  9. 

I 

XXVIII.  A  Double-Convex,  is  one  Con- 
|  vex  on  both  Sides ;  as  C,  Fig.  9. 

XXIX.  A  Double-Concave,  is  one  Con¬ 
cave  on  both  Sides ;  as  D,  Fig.  9. 

XXX.  AMeniscus,  is  one  Convex  on, 
one  Side,  and  Concave  on  the  other;  as  E, 
Fig.  9. 

XXXI.  The  Vertex  of  a  Mirrour  or 
Lens ,  as  A  B,  is  the  middle  Point  V,  every 
Way  equally  diftant  from  it's  Bafe.  Fig.  10. 

XXXII.  The  Axis  of  a  Mirrour  or  Lens 
is  the  Right  Line  E  D,  drawn  thro’  the  Ver¬ 
tex  V,  and  the  Center  C,  on  which  it  was 
defer  ibed. 

XXXIII.  The  Visual  or  Optic  Angle , 
is  that  which  is  contained  under  the  two 
Right  Lines  drawn  from  the  extreme  Points 
of  an  Objedt  to  the  Eye ;  thus  AEB  or  CED 

A  4  is 
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is  the  Optic  Angle ,  or  that  under  which  the 
Object  A  B  or  CD  appears  to  the  Eye  at  E. 
Fig,  ii. 

'  \ 

i  •/ 

XXXIV.  A  Pencil  of  Rays  is  a  double 
Cone  of  Rays,  as  LONF  L,  joined  together 
at  the  Bafe  in  the  Lens  L  N  ;  of  which  one 
Cone  LON  has  it’s  Vertex  in  fome  Point  of 
an  Object,  as  at  O ;  and  the  other  Cone  LFN 
has  it’s  Vertex  in  the  Point  of  Convergence, 
or  Focus  F,  Fig.  12.  The  middle  Line  OF 
is  called  the  Axis  of  that  Pencil. 
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CHAP.  II. 

'  \ 

^  -  \  J 

The  Principles  of  Catoptrics  and 

Dioptrics. 

. .  ,T^r  •  ■  • 

WHAT  I  fliall  here  propofe  and  lay 
down  as  the  Principles  of  Optics ,  are 
thofe  things  on  which  the  following  New 
\ Theory ,  both  of  Catoptrics  and  Dioptrics,  does 
chiefly  depend ;  and  which  are  in  themfelves 
very  evident ,  or  have  been  demonjirated  by 
Mathematicians,  or  confirm’d  by  Experiments ; 
or  laftly,  are  fuch  as  tho’  not  JlriBly  or  geome¬ 
trically  true ,  may  neverthelefs  be  ajfumed  as 
fuch>  without  any  fenfible  Error. 

Principle  I. 

In  very  f mall  Angles  BCE,  the  Sine  of  the 
Angle  A  D,  the  Arch  D  B,  and  the  \ Tangent 
E  B,  are  very  nearly  equal  to  each  other . 
Plate  2®  Fig.  i. 

&  * 

For  fuppofe  the  Radius  CB  divided  into 
jqo?ooo  equal  Parts,  the  Sine,  the  Arch,  and 
the  Tangent,  will  each  of  them  be  but  29  of 
thefe  Parts,  when  the  Angle  or  Arch  is  but 
one  Minute  of  a  Degree,  Or  if  the  Arch  be 
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of  one  Degree,  it's  Length  will  be-r 745—5 
that  of  the  Sine  1745—,  and  that  of  the  Tan¬ 
gent  1745^,  of  fuch  Parts*  The  Difference 
being  fo  extremely  fmall,  the  Propofition  is 
evident* 

Principle  II. 

/  *  * 

In  every  Triangle,  the  Sides  are  proportional 
to  the  Sines  of  their  oppofte  Angles . 

This  is  demonftrated  by  all  the  Writers  of 
Trigonometry .  And  therefore,  when  thefe  An¬ 
gles  are  very  fmall,  they  have  the  fame  Propor¬ 
tion  with  their  oppofte  Sides ,  by  Princip.  I. 

Principle  III. 

\ 

In  every  Plain  Triangle  BCD,  (Fig.  2.)  if 
the  Side  CB  be  produced,  the  outer  Angle  ABD 
Jhall  be  equal  to  the  Sum  of  the  Angles  at  C 
and  D.  By  Euclid's,  3  2d  Prop,  of  Book  I. 

Principle  IV. 

Let  AB  (Fig.  3.)  be  part  of  a  Circle  de¬ 
ferred  with  the  Radius  C  B ;  and  E  B  an 
Arch  deferibed  with  the  Radius  D  B,  let  CD 
join  the  Centers  C  and  D,  and  draw  D  E ; 
this  fhall  interfed  the  Arches  in  G  and  E,  and 
GE  will  be  the  Difference  between  D  E  and 
D  B.  Now  it  is  evident  the  greater  D  C  is, 
the  lefs  will  be  G  E,  the  Angle  B  D  E  remain - 
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ing  the  fame  ,  alfo  the  nearer  the  Point  E  is  to 
B,  the  lefs  is  ihe  Difference  G  E $  and  there - 
fore ,  when  E  is  very  near  to  B,  the  faid  Diffe¬ 
rence  will  be  very  fmall>  and  inconfiderable ;  and 
j  confequently ,  the  Lines  D  B  and  D  E  mayy  in 
i  fuch  a  Cafe ,  be  affumed  equal  to  each  other . 

Principle  V. 

fhe  incident  and  reflected  Ray  are  both  in 
\  the  fame  Plane . 

Principle  VI. 

Ihe  Angle  of  Incidence  B  C  F  is  ever  equal 
i  to  the  Angle  of  Reflection  F  C  E.  (Plate  i .  Fig.  5.) 

This  is  evident  from  Experiment  See  the 
Philofl  Grammar ,  Book  I.  Chap.  VI,  Note 
and  is  demonflrated  by  Dr  Gregory  in  his 
Elem.  of  Catop .  Prop.  1 . 

"  •  ...  J  f 

*  \ 

Principle  VII. 

1  /  ’  .  v  i 

fhe  incident  and  ref  rafted  Ray  are  both  in 
the  fame  Plane . 

Principle  VIII. 

\  1  • 

Refraftion  out  of  a  rarer  Medium  into  a 
denfer ,  is  made  towards  the  perpendicular ;  and 
vice  verfa  into  a  rarer  Medium .  See  Defin .  23, 

Principle 

(  " 

, 
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Principle  IX. 

*  -  f  -  ’  jjt 

The  Sine  AD  of  the  Angle  of  Incidence 
B  C  F,  is  either  accurately  or  very  nearly  in 
a  given  or  conflant  Ratio ,  or  Proportion  to 
the  Sine  HR  of  the  Angle  of  Refraction  E  CG. 
Fig.  4. 

This  Ratio  of  the  Sines,  when  the  Refrac¬ 
tion  is  made  out  of  Air  into  Water ,  is  as 
4  to  3  ;  that  is,  A  D  :  H  R  :  :  4  :  3,  in  Water. 

When  the  Refraction  is  out  of  Air  into 
Glafs ,  the  Proportion  is  as  about  17  to  11,  or 
more  nearly,  as  3 1  to  20,  or  as  77  to  50  ; 
but  for  common  Ufe,  as  3  to  2  $  that  is, 
A  D  :  H  R  : :  3  :  2,  in  Glafs. 

If  the  RefraCtion  be  out  of  Air  into  Dia¬ 
mond,  it  is  as  5  to  2  ;  and  A  D  :  H  R  : :  5  :  2. 
For  the  denfer  the  Medium  is,  the  lefs  will  be 
the  Angle  and  Sine  of  RefraCtion. 

Principle  X. 

Wherever  the  Rays  of  Light ,  which  come 
from  all  the  Points  of  any  Object^  meet  again 
in  fo  many  Points  after  they  have  been  made  to 
converge  by  Reflection  or  RefraCtion ,  there  they 
will  make  a  Picture  of  the  ObjeCl  upon  any 
white  Body  on  which  they  fall 
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It  was  neceflary  to  premife  this  as  a  Prin - 
i  ciple  of  Optics ,  tho’  the  Grounds  and  Truth 
of  it  cannot,  till  after  a  few  Pages,  be  made 
to  appear* 

Principle  XI. 


An  ObjeB  feen  by  reflected  or  rejraBed  Rays 
appears  in  that  Place,  from  whence ,  after  their 
lafl  Reflection  or  RefraBion ,  they  diverge  in 
falling  on  the  Spectator  s  Eye .  * 

.  .  Principle  XII. 

fhe  apparent  Magnitude  of  an  ObjeB  is  de¬ 
termined  or  eflimated  by  the  Magnitude  oj  the 
Optic  Angle  which  it  fubtends,  or  under  which 
it  appears  at  the  Eye  of  a  SpeBator . 

Thus  (in  Fig.  11.  Plate  I.)  the  Magnitude 
of  the  Objed  A  B  is  eftimated  or  meafured 
by  the  Quantity  of  the  Angle  AE  B  $  fo  is  alfo 
the  Gbjed  CD;  but  C D  is  greater  than  AB ; 
and  fince  they  appear  under  the  fame  Angle, 
it  is  evident,  the  appare?2t  Magnitudes  of  Ob- 
jeds  may  be  equal,  when  their  true  or  real 
Magnitudes  may  be  unequal  in  any  given  Pro¬ 
portion, 
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CHAP.  III. 

The  Theory  of  Catoptrics. 

l.T  E  T  GE  rcprefent  a  Portion  of  a 

1  j  Convex  Speculum  Mirrour  >  C  its 
Center  5  C  A  or  CE  the  Semidiameter  or 
Radius ;  let  D  be  a  radiant  Point  in  the  Axis 
of  the  Speculum ,  from  whence  D  A,  a  Ray  of 
Light  proceeding,  falls  on  the  Point  A,  and 
is  reflected  into  the  Diredion  A  f,  tending  to 
a  Point  F,  it’s  virtual  Focus ,  in  the  Axis  of 
the  Speculum  behind  the  Vertex  E.  Fig.  5. 

2.  Let  DE  =  d-,  CA  =  CE  -  r;  CF 
=  z ;  and  F  E  —  f  —  r  —  ;  and  confequent- 
ly,  /-{-s  =  r=CE. 

3.  Suppofe  the  Point  Avery  near  to  E; 
then  will  the  Angles  at  D  and  C  be  very  fmall, 
and  confequently  will  have  the  fame  Propor¬ 
tion  to  each  other  as  their  oppofite  Sides  A  C 
and  AD  have  5  by  Princip.  1,  and  2.  But 
AC  —  A  E,  and  DA  may  be  efieemed  equal  to 
DE;  by  Princip.  4.  Therefore  it  will  be 
A  D  C  :  A  C  D  : :  C  E  :  D  E  : :  r  :  d. 

4.  Produce  C  A  to  I,  fo  (hall  I  A  be  per¬ 
pendicular  to  the  Mirrour  in  the  Point  of  Re- 
fledion  A ;  and  therefore  the  Angle  DAI 
~IAf,  by  Princip.  6.  But  DA I  =  </ A Cy 

and 
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and  1  Af  =  CAF,  as  being  Angles  at  the 
Vertex  of  two  interfering  Lines,  by  Euclid \ 
Book  I.  Prop.  XV.  Therefore  JAC—CAF. 
Again,  JAC  =  ADC-j- ACD=  r-j-J,  by 
Princip.  3.  and  confequently  the  Angle  CAF 
—  v  — d . 

5.  In  the  Triangle  CFA  (the  Point  A  be¬ 
ing  very  near  E)  the  Angles  at  A  and  C  will  be 
very  fmall,  and  will  have  the  fame  Propor¬ 
tion  as  their  oppolite  Sides  F  C  and  FA,  by 
Princip.  1,  and  2;  that  is,  the  Angle  FAC: 
F  C  A  : :  F  C  :  F  A  :  Bat  in  this  Cafe  FA  may 
be  efteemed  equal  to  F  E,  by  Princip.  4,  and 
therefore  the  Angle  F  A  C  :  F  C  A  :  :  F  C  : 
FE  ::z:f 

6.  But  the  Angle  at  C  is  as  D  A  or  D  E, 
that  is,  as  d ,  by  the  3d  Step  of  this  Theory  ; 
and  the  Angle  FAC  as  r-j-i,  by  the  4th 
Step.  Therefore  /’:  z  : :  d :  d  -\-  r.  And  by 
Compofition  of  Ration,  f  z  :f: :  2  d-\-  r 
:  d  y  but  f  -j-  2;  —  r,  by  Step  2.  hereof ;  and 
therefore  r  :f:  :  2  d-\-  r  :  d\  then  multiplying 
the  Extremes  and  Means  together,  we  have 
dr  ~  2  d f-j- f  r;  dividing  this  Equation  by 

dr 

2  d  4“  r.  there  refults  this  Equation  — 7-7 — ' 
1  ^  2  d  ~~  r 

— /—  ef. 

7.  Therefore  in  any  Speculum ,  when  r,  or  the 
Radius  of  it's  Curvity,  and  dy  or  the  Diftance 
of  any  Objed  in  the  Axis  thereof,  are  known, 
then  /,  or  the  Diftance  of  the  Focus  F  from 

the 
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Vertex  E,  will  alfo  be  known,  or  given,  for 
all  Rays  proceeding  from  the  Point  D,  and 
falling  on  the  Mirrour  A  E  on  either  Side  the 
Axis. 

8.  This  Theorem  is  applicable  to  the  Cafes 
of  all  Kind  of  Rays,  refle&ed  from  all  Sorts  of 
Mirrours,  whether  Convex ,  Concave ,  or  Plain ; 
and  is  therefore  the  primary  and  fundamental 
Theorem  of  Catoptrics ;  from  which  I  fhall 
now  deduce  fuch  particular  theorems  as  are 
fubfervient  to  the  Solution  of  all  the  different 
Cafes  that  may  arife  from  the  threefold  Variety 
of  Mirrours  and  Rays  incident  upon  them. 
And  firft  for 


Convex  Mirrours. 

I 

9,  Case  I.  Of  Diverging  Rays.  The 
Ray  DA  proceeding  from  a  radiant  Point  D 
in  the  Axis  D  C,  at  an  indefinite  Diftance  from 
the  Vertex  of  the  Mirrour  E,  gives  the  Di¬ 
ftance  of  the  Focus  F  from  the  Vertex  E,  ac¬ 
cording  to  the  fundamental  Equation,  which 
therefore  1  fhall  call  the  firft  Theorem,  viz . 

■  dr 

= f  Theorem  1. 


2  d-\-  r 

10.  If  r,  we  have 

1=  f.  Theor.  2. 

.  dr 

If  d  —  ir>  then 

Theor.  3. 


d  r 


2  d 


2.d-\-r 


r  r  r 


2  r 


r  r 

3  r 

r 

'  4 


o 


/. 


If 


I 
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V 

dr  \  r  r  r 

5 


If  d  =  f  r,  then 
Theor.  4. 

If  =  i  r,  then 


2  r 
J  r 


fr-^r 


r  r 


6 


2  ^  — j—  7*  i  <y*  j__  y> 

-f.  Theor.  5.  /  > 

From  hence  it  is  evident,  that  the  Point  D 
1  and  F  do  both  approach  the  Mirrour  in  a  re¬ 
gular  Manner,  till  at  laft  they  coincide  at  it's 
Vertex. 

- 

11.  Case  II.  Of  Parallel  Rays.  Fig.  6. 

If  the  radiant  Point  D  be  fuppofed  to  recede 
from  the  Mirrour  E,  to  a  vaft  or  infinite  Di- 
ftance,  the  Rays  D  A,  which  come  from  it  to 
the  Mirrour,  will  be  parallel  to  the  Axis  D  C, 
or  very  nearly  fo  5  as  is  reprefented  Fig.  6. 

In  this  Cafe,  therefore,  d>  or  DA  being  infi¬ 
nite,  the  Quantity  r  as  being  finite,  will  vanifh 
out  of  the  Equation:  For  no  infinite  Quantity^ 
can  be  made  greater  or  lefs ,  by  the  Addition 
or  SubftraCtion  of  any  finite  Quantity  how 
great  foever.  Confequently  the  Equation 

dr  dr  r 

' — — —  —  — -  =  -=/.  Theor.  6. 

2.  a -f-r  2  d  2 

12.  Case  HI.  .Of  Converging  Rays. 
i  As  in  Diverging  Rays  the  Radiant  D  was  al¬ 
ways  pofited  in  the  Axis  of  the  Speculum ,  di¬ 
rectly  before  it’s  Vertex  E,  fo  in  Converging 

B  Rays, 
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Rays,  the  incident  Ray  D  A  will  tend  towards 
a  Point  on  the  Axis  behind,  or  on  the  other 
Side  of  the  Vertex,  as  at  d ,  in  Fig.  7,  8,  9,  10. 
And  as  the  Diftance  D  E  or  d,  in  the  former 
Cafe,  had  an  affirmative  Sign,  viz.  d\  fo 
in  this  prefent  Cafe,  Ed  being  on  the  con¬ 
trary  Part  will  have  a  contrary,  that  is,  a  ne¬ 
gative  Sign ,  thus  —  d  fo  that  the  fundamen¬ 
tal  Theorem  for  Converging  Rays  will  hand 
—  dr 

thus  - -  =f 

• —  2  d  ~i  r 


13.  In  this  Theorem,  the  Dividend  being 
a  negative  Quantity,  viz .  — d  r ;  and  the 
Divifor  — 'idffir,  confiding  of  a  negative 
Part  —  2  d,  and  an  affirmative  one  r ;  it  is 
evident,  when  the  negative  Part  exceeds  the 
affirmative,  the  Quotient  f  will  be  affedted 
with  an  affirmative  Sign,  viz.  -j-  f,  as  before  $ 
but  if  2  d  be  lefs  than  -j-  r,  the  Quotient 
will  be  negative,  viz.  —  /•,  that  is,  the  inci¬ 
dent  Ray  D  A  will  be  fo  reflected  as  to  con¬ 
verge  towards  a  Point  j\  in  the  Axis  before 
the  Mirrour,  as  it  did  to  a  Point  F,  behind 
it  in  the  other  Cafes. 


14.  This  being  premis’d,  it  is  plain  the 
Theorem  for  Converging  Rays  will  admit  of 
four  conliderable  Varieties,  viz. 


If  2  d  exceed  r,  then 
Theoj;.  7.  Fig.  7. 


If 


\ 
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t,  .  ,  —  dr  —  r  r 

If  d  =  r,  then - - - —  = - - — 

- —  2  d  -j-  r  —  2  r  ~r-  r 

—  r  —  -j -  f.  Theor.  8.  Fig.  8. 


y*  y* 


If  id"  r.}  then 


d  r 


2  d 


\  r  r 

—  i. 


==  co  f  Theor.  9.  Fig.  9. 
If  2  d  be  lefs  than  r,  - 

0 

Theor.  10.  Fig.  10. 


r 


0 


d 


2  d-f-  r 


f 


Note, 


Affirmative 

Infinite 

Negative 


Focus* 


Cong  aye  Mirrours. 


15.  As  in  Convex  Mirrours  the  Radius  C  E 
I  lay  on  the  Right  Hand  of  the  Vertex  E,  and 
had  an  affirmative  Sign,  as  r  %  fo  in  Con¬ 
cave  Mirrours ,  the  Radius  C  E  lying  on  the 
other  Side  the  Vertex  E,  or  to  the  Left ,  mull 
1  have  a  negative  Sign  of  Courfe,  or  be  repre¬ 
fen  ted  by  —  r  ;  and  therefore  the  fundamen¬ 
tal  Theorem  for  Concave  Mirrours  will  become 
—  dr 


16.  Case 
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i 6.  Case  I.  Of  D  iverging  Rays. 
The  Theorem  is  as  above,  and  hath  alfo  four 
Varieties,  viz* 

• — dr 

If  2  d  be  lefs  than  r,  then  — - - *  =  -p  7* 


2  d—r 


Theor.  ii.  Fig.  n. 


dr  « —  \rr 

If  2  d  —  r,  then  — T -  = -  =  c -of* 


2  d' 


o 


Theor.  12.  Fig.  12. 
If  d  --  r,  then 


dr  —  r  r 


2d —  r  2  r  —  r 

—f  Theor.  13.  Plate  III.  Fig.  1. 

—  dr 

If  2  d  exceed  r,  then  — ; -  =  —  f 


2  d 


Theor.  14.  Fig.  2. 


17.  Case  II.  Of  Parallel  Rays. 
In  this  Cafe,  D  A  or  d  being  infinite,  the  fi¬ 
nite  Quantity  r  will  vanifh  where  it  is  found 

— -  d  r 

by  it  felf  3  and  the  Theorem  -  will 

2  d  —  r 

—  r 

- -  =  — f  Theor.  15. 


become 
Fl‘g-  3- 


—  dr 


2d 


18.  Case  III.  Of  Converging  Rays. 
Here  again  the  incident  Ray  D  A  will  have 

the 
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the  Point  of  Convergence  d  on  the  other  Side 

of  the  Speculum ;  and  the  Diftance  "Ed  or  d 

mu  ft  therefore  have  a  negative  Sign,  or  be  — d\ 

in  this  Cafe  then,  r  and  d  being  both  negative , 

—  dr  dr 

the  Theorem -  will  become  - — — 

2  d — r  —2  d — r 

=  /.  Theor.  16.  And  fince  the  Divifor 
—  2  d  —  r  is  wholly  negative ,  the  Quotient 
or  Focus  f  or  E f9  will  likewife  be  always  ne¬ 
at  ive^  or  before  the  Mirrour  G  E. 

dr  r  r 

19.  If  d  =  r,  then  - 


-  2  d‘ 
*/.  Theor.  iy. 


3  r 


If  d  ==  i  r,  then 


^  r 


r  r 


2  r 


—  4 

If  =  f  r,  then 


Theor.  18. 

J  r 


1  rr 


r 


If  d~ir,  then 


—  2d - — ; 
< — f  Theor.  19. 
d  r 


r 


2  d 


—  —  f  Theor.  20. 

B  3 


Plain 
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Plain  Mirrours. 

20.  In  Regard  of  Plain  Mirrours ,  or  Look- 
ing-Glafies,  the  Radius  CE  =  r  is  infinite  \ 
for  we  may  confider  a  fmall  Arch  of  Circle  de- 

J 

fcribed  with  a  vafriy  great  or  infinite  Radius , 
as  a  Plane ;  and  therefore  the  finite  Quantity 

dr 

2d  vanifhing,  the  Theorem  — • —  becomes 

'  zd-j-r 

d  r 
r 


21.  Case  I.  Of  Diverging  Ray  s. 

The  Theorem  is  —  =  d  ==  fi  Theor.  21. 

r 

Fig-  5- 

22.  Case  II.  Of  Parallel  Rays. 
In  this  Cale  both  d  and  r  are  infinite,  and 
therefore  the  fundamental  Equation  becomes 

d  r 

infinite  in  every  Part ;  and  —  =  d  —f  infi- 

r 

nite,  Theor.  22.  Fig,  6, 

23.  Case  III.  Of  Con  verging  Rays. 
Here  d  or  E  d  being  the  Negative,  the  E- 

.  .  —  dr 

quation  is  —  ==  — d  —  —  fi  Theor.  23, 

Fi&  7. 

24.  We 
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24.  We  have  hitherto  made  Ufe  of  the  fun- 
I  damental  Equation  for  finding  the  Focus  of  all 

Sorts  of  Rays,  incident  on  any  Kind  of  Mir- 
rours:  But  fometimes  the  Focus  is  given,  and 
either  the  Diftance  of  the  Object  D  E,  or 
the  Radius  of  Convexity  or  Concavity  of  the 
Mirrour  CE  is  required  for  fome  particular 
Purpofes ;  and  for  either  Cafe  the  faid  Equa¬ 
tion  dr  =  2  df  -\-f  r  (in  Step.  6.)  is  fuf- 
ficient. 

25.  For  fuppofe  the  Radius  CE  =  r,  and 
the  Focus  EF  =/,  were  given  to  find  the 

jl  Diftance  ED  ■=  d*,  we  have  from  the  faid 
Equation  dr  —  2  d  f  =  rf  and  therefore 
rf 

— - - =  di  Theor.  24,  for  a  Convex  Mir - 

r  —  2  j 

H  rour . 


26.  For  a  Concave  Mirrour ,  the  Radius  be¬ 
ing  Negative,  or— r,  the  Equation  will  be 

f  r 

2  d  dr  =  f  r ;  and  fo  it  will  be  —  — — 

2/+  r 

=  d.  Theor.  25. 

27.  In  the  two  laft  Theorems,  the  Focus 
is  fuppofed  to  be  Affirmativey  or  behind  the 
Mirrour;  but  if  we  fuppofe  it  Negative,  or 
on  the  fame  Side  with  the  Radiant  D,  the 
Equation,  for  a  Convex ,  will  be  dr-f  2  df = 

— f  r 

r—  f  r,  and 


+2/ 


d.  Theor.  26. 


B  4 


28.  For 
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28.  For  a  Concave,  the  Equation  will  be 
2  df—  dr  =  f  r  y  (for  here  both  f  and,  r 

f  r 

are  Negative)  therefore  we  have  — - =  d . 

2/—  r 

Theor.  27. 

29.  If  the  Diftance  of  an  Objedt  ED  =  dy 
and  the  Focus  E  =  f  be  given  to  find  the 
Radius  of  the  Convexity  or  Concavity  EC  =  r-y 
the  original  Equation  dr  =  2  df~\-  r  f  will 
be  for  this  Cafe  dr  —  rf  —  2  df,  and  fo  we 


have  for  a  Convex 


2  df 


—  r .  Theor.  28. 


30.  For  the  Radius  of  a  Concave  Mirronry 
the  Equation  will  be  fr  —  dr  =  2  dfy  and 

2  df 

fo  — =  r.  Theor.  29. 

i~d 

3  1.  But  here  again  if  we  fuppofe  the  Focus 
Negative ,  or  before  the  Mirrour,  we  (hall 
have  for  a  Convex y  dr  ~\~rf  =  —  2  df-y  and 
—  2  df 

- — ^  =  r.  Theor.  30. 

32.  And  for  a  Concave y  the  Equation  will 


be  - —  dr  — j r 
Theor.  3 1. 


jr  1  - 2df 

2  df‘y  and  — - - -  =  r. 

—  d—j 


CHAP. 


I 


[  25  ] 

I 

->■ 

—  r  "  — “■  ■  ■  -——■■■■'  ... 

- 

CHAR  IV. 

The  Theory  of  Catoptrics  conti- 
tinued \  for  determining  the  mutual 
Proportion  of  the  Object  and  it  $ 
Image. 

j|  1.  T  et  DE  be  the  Portion  of  a  Convex 
J  i  Mirrour ,  (as  Fig.  8.)  or  of  a  Concave , 
|  (as  Fig.  9.  Plate  3.)  C  the  Center,  V  the  Ver- 
:  tex  ;  OBan  Gbjed:,  and  I  M  it’s  Image ;  it 
is  required  to  find  the  Proportion  between  the 
I  Objedt  and  Image,  or  the  Lines  OB  and  IM. 

2.  From  the  Center  C  let  fall  on  the  Ra- 
I  diant  or  Objedt,  the  perpendicular  C  A ;  and 

from  the  extreme  Points  of  the  Objedts  O,  B, 

1  draw  OCand  BC,  meeting  the  Mirrour  in 
the  Points  D  and  E ;  thefe  fhall  be  the  Axis 
1  in  which  will  be  the  Focus’s  of  Rays  proceed- 
1  ing  from  the  Poiilts  O  and  B. 

3.  From  O  let  a  Ray  O  V  pafs  to  the  Ver- 
I  tex  of  the  Mirrour,  and  make  the  Angle 
!  F  VA  =  OVA,  then  fhall  V  F  be  the  re- 
I  fledted  Ray,  by  Princip.  6.  which  tending  to 
j  the  Point  I,  in  vthe  Axis  CO,  (hall  there  re- 

prefent  the  Image  of  the  Point  O  of  the  Ra¬ 
diant,  by  Princip.  10  and  11.  Accordingly 
the  Ray  B  V  will  be  refledted  into  VG,  which 

interfedting 

I  1  • .  j  .  « 

/  I 
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interfering  the  Axis  CB  in  M,  will  there 
reprefent  the  Image  of  the  Point  B  in  the 
Radiant.  Confequently,  all  the  Points  be¬ 
tween  O  and  B  in  the  Objedt  will  be  repre- 
fented  between  the  Points  1  and  M  ;  and 
therefore  I M  will  be  the  Image  of  the  Ra¬ 
diant  or  Objedt  O  B. 

4.  If  we  fuppofe  the  Radiant  O  B  very 
fmall,  or  at  a  great  Diftance,  the  Arch  or 
Portion  of  the  Mirroar  E  D  will  alfo  be  very 
fmall,  and  not  fenfibly  different  from  a  right 
Line,  and  confequently  will  be  parallel  to  the 
Radiant' B  O,  for  CA  is  perpendicular  to  both 
B  O  and  E  D.  Alfo  fince  the  Diftances  O  D, 
AV,  and  B  E,  are  very  nearly  equal,  as  be¬ 
ing  very  near  each  other,  it  is  plain  their 
focal  Diffances  D  I,  Va ,  and  E  M,  will  alfo 
be  nearly  equal  $  and  therefore  the  Image  I  M 
will  be  very  nearly  a  Right  Line ,  and  parallel 
to  the  Radiant  O  B  ;  and  alfo  perpendicular 
to  CA. 

5.  The  Angle  OVA  =  AVF  =  ^VI, 
and  the  Angle  BVA  =  AVG  =  aV M,  from 
the  Nature  of  Reflection,  Princip.  6  :  there- 
fore  OVA  -f  BVA  =  aVl~faVM-,  that 
is,  the  Angle  OVB  =  IVMj  that  is,  The 
Radiant  B  O  and  if  s  Image  I  M  are  feen  from 
the  Vertex  of  the  Speculum  V  under  equal 
Angles . 

6.  The  Triangles  A  VO  and  a\  I  are  equi¬ 
angular  and  fimilar,  for  the  Angle  O  V  A  = 
a  V  I,  and  the  Angles  at  A  and  a>  are  right 

ones ; 
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ones  ;  confequently  V  A  :  V  a  :  :  AO  :  a  I. 
For  the  fame  Reafon  VA  :V  a  :  :AB  :  a  M ; 
therefore  VA :  Va  : :  OA  ~p  A  B  :  la  -j-  a  M 
:  :  OB  :  IM  j  that  is,  The  Diftance  of  the  Ob - 
JeB  is  to  the  Diftance  of  if  s  Image ,  from  the 
Vertex  V,  as  the  Length  of  the  Objefi  to  the 
Length  of  the  Image . 

7.  Moreover,  fince  O  A  :  I  a  :  :  A  B  :  a  M, 
(for  O  A  :  I  a  :  :  A  V  :  V  a  :  :  A  B  :  a  M. 
therefore  OA:AB:I^:^M;  that  is,  The 
Radiant  O  B  and  if  s  Image  I  M,  are  cut  in 
the  fame  Proportion  by  a  Right  Line  C  A, 
drawn  from  the  Center  perpendicular  to  each . 

8.  From  what  has  been  premifed,  it  is  eafy 
to  raife  a  Theorem,  to  Jhew  at  what  Diftance 
any  ObjeB  ought  to  be  placed  to  bear  any  given 
Proportion  to  if  s  Image .  Let  the  Objedt  be  O, 
it's  Image  J,  and  the  given  Proportion  be  as 
0:1;  then  O  :  I  :  :  d :  ft  (by  the  Sixth  of 

Id 

this)  and  therefore  —  —ft  But  the  funda- 


O 


i  mental  Theorem  for  the  Focus  is 


d  r 


f\  confequently 


Id 


d 


O  2  d 


2  d 


and  fo 


2  d  dl  -j-  1  dr  ~  dr  O,  that  is,  2  d  I  -ft  I  r 
=  r  O ;  and  2d  1  =  O  r  —  Ir;  and  confe¬ 
quently  for  Convex  Mirroursy  the  Theorem 
....  Or —  I  r 

will  be  — - —  d,  Theor.  x. 


2  I 


9.  In 
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9.  For  Concave  Mirrours  where  r  is  nega¬ 
tive,  or  — -  r,  the  Equation  will  be  2  dl  =■ 

Ir — Or 

I r  —  Or,  and  fo  - 


2I 


d .  Theor.  2. 


10.  For  a  Plain  Mirrour ,  or  Looking- 
Glafs,  where  r  is  infinite,  the  finite  Part  .of 
the  Equation  2  d\y  will  vanifh,  or  be  O ,  and 
then  Or  —  I  r  =  O,  and  Or  =  I  r,  that  is, 
0=1.  Theor.  3. 

11.  If  the  Focus  be  required  negative ,  or 
on  the  fame  Side  of  the  Glafs  with  the  Ob¬ 
ject  ;  the  Equation  will  be  for  a  Convex ,  (f  be¬ 
ing  negative)  2  dl  =  —  O  r  ~  I  r,  and 

—  Or  —  I  r 

- - - -  =  d.  Theor.  4. 

,2l  * 

12.  But  for  a  Concave ,  where  r  and  f  are 
now  both  negative,  the  Equation  will  be 

Or-rlr 

2  I  d  =  O  r  1  r,  and  therefore  - - — 

1  21 


=  d.  Theor.  5. 

13.  We  have  hitherto  confidered  the  Ob- 
je£t  and  it’s  Image  as  Right  Lines,  which 
have  a  Jimple  Proportion  to  each  other  ;  but  if 
the  Objedl  be  a  Superficies ,  or  a  Plane  Figure, 
the  Proportion  between  it  and  it’s  Image,  will 
be  duplicate  of  what  it  was  before ;  for  as  in 
Lines,  it  was  0:1  \  :  d :  f\  in  Superficies  it 


will  be  O  :  I  :  d1  :f2-,  and  hence 


V  Id 


=  dr 


O 


The  ‘Theory  Catoptrics.  29 

dr 

;  and  fquaring  each  Side,  we  have 


2  d-f-r 


Id 


d 1  rz 


,  and  I  x  2  d-\-  rz=Ox  r1, 

\ 

O 


O  2  d- j-  r 

\ 

and  therefore  2  d-\-rz  =  j  *  r%  and  put- 


=  p,  and  extracting  the  fquare  Root 


we  have  2  d  r  —  ^  P  rz  7  and  confequent- 

!v,  d  —  - L.  Theor.  6. 

2 

14.  For  a  Concave  Mirrour,  where  r  is 

.  1  V  p  T2  V 

1  negative,  d  —  — -  1 — Theor.  7. 

15.  In  the  fame  Manner,  if  the  Object 
1  and  Image  are  Solids ,  and  confequently  their 
f  Proportion  triplicate ,  viz.  0:1  ::  d*  :f 3  it 

is  fhewn,  that,  for  Convex  Mirrours,  d  — 

Vj>r3 r.  Theor.  8. 

2 

16.  Alfo,  for  Concave  Mirrours,  where  it 


3 _ 

is  —  r, we  have  J  =  V  —  />r3~j-r,  Theor.  20. 

2 

17.  If  the  Diftance  d ,  and  the  Proportion 
;  of  the  Objed:  and  Image  O  and  I,  be  given 
the  Radius  r  of  the  Convexity  or  Concavity 
:  of  the  Mirrour,  for  that  Proportion  is  to  be 

had 
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had  from  the  fame  Equation,  viz.  O  r  =  2 1  d 

+  Ir:forOr-~Ir=2l<4  and  - ==r. 

1  O— I 

Theor.  10. 

18.  For  the  Radius  of  a  Concave  Speculum, 

2  I  d 

the  Equation  is  I  r  —  O  r  ==  2I  and  - - — 

—  r.  Theor.  1 1. 

19.  If  the  Focus  be  required  negative,  or 
before  the  Mirrour,  the  Equation  for  a  Con¬ 
vex  will  be  O  r  +  I  r  =  —  2  I  +  and  there- 

—  2ld 

fore  — — —  =  r.  Theor.  12. 

0+  I 

20.  And  for  a  Concave ,  the  Equation  is 

2 1  d 

Or  -4-  Ir  =  2  Id,  and  — - — =  r.  Theor.  12. 

1  0  +  1 

21.  Again,  from  the  Equation  O  r  —  2  I  d 
+  I  r,  when  the  Diftance^  of  the  Object  d, 
and  the  Radius  of  the  Mirrour  r  are  known, 
the  Proportion  between  the  Object  and  Image, 
viz ,  O  :  I  is  alfo  known  ;  for,  in  Cafe  of  a 
Convex ,  0:1::  2  J  +  r  :  r.  Theor.  14. 

22.  And  for  a  Concave ,  the  Equation  being 
Or  —  zld  =0  r,  we  have  0:1  : :  r  —  2  d :  r. 
Theor.  15. 

23.  If  the  Focus  be  negative,  or — fy  the 
Equation  for  a  Convex  will  be  Or  =  —  zld 

—  I  r  5  and  fo,  O  :  I  :  :  —  2  d  —  r  :  r. 
Theor.  16. 


24.  For 


J t 


9 


\ 
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24.  For  a  Concave  Speculum,  the  Equation 
being  O  r  =  2  I  d  —  I  r,  we  have  0:1:: 
2  d  —  r  :  r.  Theor.  17. 

25.  Thefe  are  the  principal  Theorems  in 
the  : Theory  of  Catoptrics ,  and  moft  of  them 
very  curious,  and  of  great  Ufe.  I  (hall  con- 

l|  elude  this  Theory  with  a  very  notable  Obfer- 
j  vation,  viz.  To  at  the  mujical  or  harmonica, l  Pro - 
1  portion  is  the  Grounds  of  this  whole  Theory :  or, 
i  that  the  Center  C,  the  Focus  F,  the  Vertex  of 
the  Mir r our  V,  and  the  Radiant  D,  are  har- 
monical Points ,  by  which  the  Axis  or  Line  CD, 
is  harmonically  divided  in  the  Points  D,  E,  F,  C ; 
fo  that  DC  :  D  E  :  :  F  C  :  F  E. 

26.  For  if  we  take  it  for  granted,  we  {halt 
have  the  following  Analogy,  D  C  [d  -j-  r)  % 
D  E  (d)  :  ;  FC(r- —  f)  :  F  E  (f) ;  and  there¬ 
fore  d f- j-  r  f  —  d  r  —  d  f\  and  fo  2  df  rf 

—  dr;  and  — - - =  f  which  is  the  fame 

2  d  ~j—  r 

as  the  firft  fundamental  Theory,  Chap.  III. 
Art.  6,  and  this  holds  equally  in  Concave  as  in 
Convex  Mirrours .  This  admirable  Property 
df  Mirrours  in  reflecting  the  Light,  was  firft 
publithed  by  Mr  Ditton>  in  N°.  295,  of  the 
!  Philof  Tranfabiions . 


\ 


CHAP, 


V 


[  32  ] 


CHAP.  V.  i 

*The  foregoing  Theory  ^Catoptrics 
explained  and  illuf  rated \  by  familiar 
Rules  and  Examples . 

l#T  SHALL  here  explain  and  illuftrate 
the  foregoing  Theorems  in  Words  at 
Length,  and  give  an  Example,  in  all  the  prin¬ 
cipal  ones,  in  Numbers,  fhewing  the  Diftance 
of  the  Focal  Point ,  real  or  virtual,  of  all  Sorts 
of  Rays,  reflected  from  all  Sorts  of  Mirrours. 

2.  I  fhall  likewife  fhevv  how  every  thing 

happens,  by  Schemes,  as  large  as  the  Life ; 
and  therefore,  in  Plate  IV,  I  have  given  three 
Schemes  of  Rays  falling  on  a  Convex  Mir¬ 
rour,  where  you  are  to  obferve,  that  A  B  is  the 
Mir r our  ;  C  E  the  Radius  thereof  i  h  Inch  ; 
E  the  Vertex  or  middle  Point  thereof;  D  the 
radiant  Point;  and  F  the  Focus  to  which  the 
Rays  tend  after  Reflexion.  .  , 

3.  Note,  the  black  Lines  in  thefe  Schemes 
denote  the  Rays  of  the  Sun's  Light,  as  they 
are  feen  to  go  to  and  from  the  Mirrour  in  a 
darkened  Chamber  ;  and  the  dotted  Lines  de¬ 
note  only  the  Courfe  or  Tendency  of  the  re¬ 
flected  Rays,  were  they  not  intercepted  by  the 
Mirrour. 

4.  In 


( 
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4.  In  the  following  Examples,  I  fhall  fup- 
pofe  an  Inch  divided  into  Pen  equal  Parts, 
which  Parts  are  exprefled  by  the  Numbers  I 
fhall  there  ufe,  every  10  of  which  will  there¬ 
fore  exprefs  the  Length  of  an  Inch,  and  the 
Remainders  will  be  the  tenth  Parts  of  an  Inch, 


For  Convex  Mirrours.  Plate  IV. 

I 

1 

5.  Case  L  Pox  Diverging  Rays ,  Scheme  i. 
iLet  there  be  given  D  E,  the  Diftance  of  the 
cradiant  Point  from  the  Mirrour,  and  C  E,  the 
jRadius  of  Convexity  >  to  determine  the  Di- 
iftance  of  the  Focus  F  E* 


RULE, 


■  j  f  N  \ 

I  Multiply  the  Diftance  and  Radius  together, 
divide  that  Product  by  the  Sum  of  the  Radius 
lidded  to  twice  the  Diftance,  the  Quotient 
will  be  the  Diftance  of  the  Focus  required. 
( per  Theor.  1.  Chap.  III.) 


EXAMPLE. 


Let 


f  CE- 
1DE  = 


!5« 

3°5 


and  C  E  ==  1 5 
2  D  E  =  60 


Produce  450  y  Sum  75  * 

then  75)450(6  =  FE 

45° 


So 
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So  that  in  this  Cafe,  the  Focus  F  of  the  re¬ 
flected  Rays  GH,  will  be  6  Tenths  of  an 
Inch  behind  the  Vertex  E. 

6.  If  the  Diftance  DE  be  equal  to  the  Ra¬ 
dius  CE,  the  Diftance  of  the  Focus  E  F  will 
be  f  of  the  Radius  CE,  per  Theor.  2.  If 
DE  be  I,  f,  or  %  of  C  E,  then  fhall  EF  be 
j,  j,  or  a  of  CE,  till  at  laft  the  Radiant  D, 
and  Focus  F,  both  coincide  in  the  Vertex  of 
the  Mirrour  E.  See  Theor.  3,  4,  5. 

7.  Case  II.  For  Parallel  Rays ,  Scheme  2. 
When  Rays  fall  parallel  upon  a  Convex  Mir¬ 
rour,  they  are  reflected  in  fuch  a  Manner,  as 
to  have  their  focal  Diftance  F  E  juft  equal  to 
half  the  Radius  C  E  ;  that  is,  E  F  —  C  F, 
per  Theor.  6.  Thus,  for  Example,  if  CE 
be  15,  then  will  F  E  be  7  I  Tenths  of  an 
Inch. 

8.  Case  III.  For  Converging  Rays,  Scheme 
III.  In  this  Cafe,  if  the  Diftance  of  the  ra¬ 
diant  Point  (which  here  is  virtual ,  or  behind1 
the  Mirrour)  and  the  Radius  be  given,  the 
Rule  for  finding  the  Diftance  of  the  Focus  is] 
thus.  ^ 

RULE. 

Multiply  the  given  Diftance  and  Radius  to 
gether,  and  divide  that  Product  by  the  Diffe  I 
rence  between  the  Diftance  doubled  and  th*| 

Radius  I 


» 
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Radius  ;  the  Quotient  is  the  Diftance  of  the 
Focus  required,  per .  Theor.  7. 

Note,  if  the  double  Diftance  of  the  Ra¬ 
diant  exceed  the  Radius,  the  Focus  will  be  be¬ 
hind  the  Glafs  ;  if  it  be  lefs  than  the  Radius, 
the  Focus  will  be  before  the  Glafs. 

A 

9.  If  the  Diftance  be  equal  to  the  Radius, 
the  focal  Diftance  will  alfo  be  equal  to  the 
Radius ;  that  is,  thofe  Rays  which  converge 

jj  towards  the  Center  C  of  the  Mirrour,  will 
s  be  reflected  back  again  upon  themfelves,  per 
Theor.  8. 

10.  If  the  double  Diftance  of  the  Radiant 
:  be  equal  to  the  Radius,  or  the  faid  Diftance  be 
[equal  to  half  the  Radius,  then  will  the  focal 
I  Diftance  be  infinite;  that  is,  Rays  converging 
to  a  Point  in  the  Axis  equally  diftant  from  the 
i;  Center  C,  and  Vertex  E,  will  be  reflected  pa¬ 
rallel  to  each  other;  per  Theor.  9. 

1 1.  Let  the  double  Diftance  of  the  Radiant 
be  lefs  than  half  the  Radius ;  for  Example, 

10, 


5  > 


G  2  Here 

\  ' 


Let 


f  D  E  =  15, 
1  dE  =  5, 


and  CE 
2dE 


Produdt  75 ;  Diffi, 

then  5)  75  (I5  =  E/ 
75 
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Here  becaufe  2  dE  is  lefs  than  CE,  the  Fo¬ 
cus  f  will  be  before  the  Mirrour  A  B  j  and 
fince  dE  is  i  of  CE,  the  focal  Diftance  E f 
is  equal  to  the  Radius  CE.  See  Scheme  3. 

12*  From  hence,  and  a  due  Confideration 
of  the  Properties  of  the  lirft  and  third  Cafes, 
it  is  plain  they  are  converfive  by  the  fame ; 
the  incident  Rays ,  Radiant  and  Focus  in  one 
being  but  the  remedied  Rays,  Focus  and  Ra¬ 
diant  in  the  other. 

For  Concave  Mirrours.  Plate  V. 

13.  Case  I.  For  Diverging  Rays ,  Scheme  1. 
Having  given  the  Diftance  of  the  Radiant  DE,  j 
and  Radius  C  E,  the  focal  Diftance  is  found 
by  the  fame  Rule  as  in  the  third  Cafe  of  a  1 
Convex.  Only  here  obferve,  that  if  the  double 
Diftance  of  the  Radiant  be  lefs  than  the  Ra-J 
dius,  the  Focus  will  be  behind  the  Mirrour  J 
if  greater,  it  will  be  before  it. 

EXAMPLE. 

Let  DE  =  30,  and  2  D E  =  60, 
CE=i5,  CE=i5, 

*m  1  I  mm  1  ■  1  16 

Produ&45o;  Diff.  45 }  j 

then  45)  450  (10  =  FE.  I 

4J°  '  ‘  I  I 


.  i  J  4 


Tha 


% 
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That  is,  the  Focus  F  is  i  Inch  before  the 
MirrourAB.  .  »  , 

14.  If  the  Diftance  of  the  Radiant  DE  be 
equal  to  the  Radius  C  E,  then  will  the  focal 
Diftance  be  equal  to  the  Radius  alfo,  per 
Theorem  13.  That  is,  if  an  Object  be  placed 
in  the  Center  of  a  Concave  Speculum ,  the 
Image  will  be  refle&ed  upon  the  Objed,  or 
they  will  feem  to  meet  and  embrace  each 
other  in  the  Center;  which  agreeable  Phe¬ 
nomenon  is  eafily  tried  by  any  Mirrour  of 

1  this  Sort. 

15.  If  2  D  E  =  CE,  that  is,  if  the  Di¬ 
ftance  of  the  Radiant  be  equal  to  half  the 

|  Radius,  it’s  Image  will  be  refleded  to  an  in- 
!  finite  Diftance ;  for  the  reflected  Rays  will  be 
parallel,  per  Theor.  12.  Hence,  if  a  lumi¬ 
nous  Body  be  placed  at  the  Diftance  of  half 
the  Radius  from  a  Concave,  it  will  enlighten 
Places  diredly  before  it  at  the  greateft  Di- 
ftances.  And  hence  appears  their  Ufe  when 
placed  behind  a  Candle  in  a  Lanthern,  and  in 
feveral  other  like  Cafes. 


!i 

II 

(l| 

\\ 


16.  Case  II.  For  Parallel  Rays ,  Scheme  2„ 
In  this  Cafe  the  focal  Diftance  F  E  is  always 
equal  to  half  the  Radius  CE,  and  before  the 
Mirrour  AB  ;  per  Theor.  15.  And  fince  the 
Sun-Beams  are  parallel  among  themfelves,  if 
they  are  received  on  a  Concave  Mirrour,  they 
will  all  be  refleded  to  that  Point,  and  thejreburn 

C  3  ;  Ip 


1 


/ 
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In  proportion  to  the  Quantity  of  Rays  colleded 
by  the  Mirrour. 

17.  Case  III.  For  Comerging  Raysy 
Scheme  3.  The  Rule  for  finding  the  Focus 
from  the  Diftance  of  the  Radiant  Point,  and 
the  Radius  given,  is  here  the  fame  as  in  the 
firft  Cafe  of  the  Convex ;  only  as  there  the 
Focus  F  was  always  behind  the  Mirrour,  here 
it  is  ever  before  it. 

E  X  A  M  P  L  E. 

Let  d  E  —  i3>  and  2  d E  —  30, 

CE=  15,  CE  =  15, 

Produd  225  5  Sum  45 ; 

then  45)  225(5  =  FE 
225 

«  •  • 

18.  If  dE  be  equal  to  CE,  or  i  CE,  or 
|  C  E,  or  \  C  E,  &c.  then  fhall  the  focal  Di¬ 
ftance  F  E  be  equal  to  j  C  E,  %  C  E,  j  C  E, 
or  i  CE,  &c.  As  per  Theor.  17,  18,  19,  20. 

19.  From  what  has  been  hitherto  faid  of 
the  Properties  of  thefe  Mirrours,  and  from  a. 
View  of  the  Schemes,  it  is  plain  the  Cafes  ofl 
a  Concave ,  are  but  the  Reverje  of  thofe  of  a 
Convex  in  an  inverfe  Order.  And  it  is  more¬ 
over  to  be  obferved,  that  in  all  thofe  Cafes  the 
Focus ,  and  Radiant  Point  mutually  relpedt 

each 


■* 
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each  other,  and  may  be  interchangeably  taken 
one  for  another ;  that  is,  in  any  Cafe,  if  we 
take  F  for  the  Radiant  Point,  then  will  D  be 

the  Focus  of  the  reflected  Rays, 

*  % 

For  Plain  Mirrours.  Plate  VI. 

20.  Case  I.  Of  Diverging  Rays ,  Scheme  r. 

In  thefe  Mirrours  there  is  no  Radius  to  be 
confidered,  and  the  Diftance  of  the  Radiant 
Point  D  being  given,  the  focal  Diftance  is 
alfo  given,  as  being  equal  there  to*  per  Theor, 

2 1.  That  is,  if  D  be  the  Point  whence  Rays 
proceed,  diverging  to  the  Mirrour  AB,  they 
will  be  fo  reflected  towards  G  H,  as  if  pro- 
ceeded  from  the  Point  F9  which  Point  or 
Focus  F,  will  always  be  juft  as  far  behind 
the  Mirrour  AB,  as  the  Point  D  is  before  it, 
and  alfo  on  the  fame  Side  with  it.  And  this 
is  the  known  Property  of  a  Plain  Mirrour  or 
Looking-Glafs . 

'  -V  .  , 

2 1.  Case  II.  Of  Parallel  Rays,  Scheme  2, 

If  Parallel  Rays  fall  on  a  plain  Mirrour,  they 
are  reflected -parallel;  and  as  the  Radiant  Point 
D  is  infinitely  diftant,  fo  alfo  is  the  Focus  F, 
per  Theor.  22.  Hence  the  Sun  being  viewed  v 
by  Reflection  in  a  Looking-Glafs,  appears  as 
vaftly  diftant  behind  the  Glafs*  as  he  really  is 
before  it. 


22,  Case 
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22.  Case  III.  Of  Converging  Rays ,  Scheme 
3.  In  this  Cafe  the  Radiant  Point  d  is  fup^ 
pofed  to  be  behind  the  Glafs,  and  the  Rays 
incident  thereon,  will  be  refledted  to  a  real 
Focus  fy  at  an  equal  Diftance  before  it,  per 
Theor.  23.  So  that  this  Cafe  is  but  the  re- 
verfe  of  the  firft. 

23.  Hitherto  we  have  given  Rules  for  find¬ 
ing  the  Focus ;  but  if  the  Diftance  of  the 
Focus  be  given,  and  either  the  Radius  of  the 
Mirrour,  or  Diftance  of  the  Radiant  Point, 
the  other  may  as  eafily  be  found.  Thus, 

24.  Let  the  focal  Diftance  and  Radius  be 
given,  to  find  the  Diftance  of  the  Radiant 
Point ,  this  is  the  Rule  for  a  Convex  Mirrour . 

RULE. 

From  the  Radius  take  twice  the  focal  Di¬ 
ftance,  and  with  the  Remainder  divide  the 
Produdl  of  the  focal  Diftance  by  the  Radius, 
the  Quotient  will  be  the  Diftance  of  the  Ob¬ 
ject,  per  Theor.  24. 

25.  For  a  Concave  Mirrour  the  Rule  is  this 

RULE. 

t 

Divide  the  Produdl  of  the  Radius  into  focal 
Diftance,  by  the  Sum  of  twice  that  Diftance 
added  to  the  Radius,  the  Quotient  is  the  Di¬ 
ftance  of  the  Radiant  Point  required,  per 
Theor.  25. 


26,  Both 
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26.  Both  thefe  Rules  regard  the  Focus  be¬ 
hind  the  Mirrour,  if  it  be  before  the  Mirrour, 
the  Problem  will  be  impoffible  for  a  Convex 
Speculum ,  per  Theor.  26,  And  for  a  Con¬ 
cave,  the  Rule  is  this. 

* 

RULE. 

I 

f  ^  '  , 

From  twice  the  focal  Diftance  take  the  Ra¬ 
dius,  and  with  the  Remainder  divide  the  Pro¬ 
duct  of  the  focal  Diftance  into  the  Radius, 
the  Quotient  will  be  the  Diftance  qf  the  Ra¬ 
diant  Point,  per  Theor.  32. 

%  1 

27.  If  the  Diftance  of  the  Radiant  and  the 
Focus  be  given,  we  may  find  the  Radius  of 
the  Convex ■  Mirrour  by  this 

RULE. 

,  1 

From  the  Diftance  of  the  Radiant  take  the 
focal  Diftance,  and  with  the  Remainder  di¬ 
vide  twice  the  Produdt  of  the  focal  Diftance 
into  the  Diftance  of  the  Radiant ;  the  Quo¬ 
tient  is  the  Radius  of  the  Convexity  required, 
per  Theor.  28. 

28.  The  Rule  for  finding  the  Radius  of 
Concavity  is  this : 

% 


RULE. 
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RULE. 

From  the  focal  Diftance  take  the  Diftance 
of  the  Radiant,  and  with  the  Remainder  di¬ 
vide  twice  the  Product  of  thofe  Diftances  into 
each  other^  the  Quotient  will  be  the  Radius 
of  Concavity  fought,  per  Theor.  29. 

29.  If  the  given  Focus  be  before  the  Mir- 
rour,  the  thing  is  impoffible  for  a  Convex,  per 
Theor.  30  ;  but  is  ever  poflible  for  a  Concave, 
and  is  found  by  this 

RULE. 

/ 

With  the  Sum  of  the  Diftances  of  Focus 
and  Radiant,  divide  the  double  Product  of 
thofe  Diftances;  the  Quotient  is  the  Radius 
of  Concavity,  per  Theor.  3  1. 

\  , 

30.  I  prefume  it  is  needlefs  to  give  either 
Examples  or  Schemes  for  the  Illuftration  of 
thefe  Rules,  if  thole  for  finding  the  Focus  be 
well  underftood.  I  (hall  therefore  proceed  to 
the  Rules  for  determining  the  Diftances  necef- 
fary  for  any  given  Proportion  of  the  Objedt 
and  Image,  in  the  next  Chapter. 


CHAP. 
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CHAP.  VI. 

The  Rules  for  determining  the  Di~ 
fiance  of  an  Object,  that  jhall  hear 
any  afjigned  Proportion  to  ids  Image. 

j.Il/E  have  now  done  with  Radiant 
y  W  Points ,  and  are  come  to  treat  of 
Line's,  Superficies,  and  Solids,  as  they  appear 
by  Reflexion  from  all  Sorts  of  Mirrours  j 
and  firft. 

Of  C  onvex  Mirrours.  Plate  VI L 

2.  Let  OB  be  an  Objed  placed  before  a 
Convex  Mirrour  F  G,  whofe  Center  is  C,  and 
Radius  C  E ;  the  Image  of  the  Objed  will  be 
I  M,  as  is  evident  from  what  has  been  taught 
in  Chap.  IV.  Art.  i,  2,  3. 

3.  Now  to  find  at  what  Diftance  the  Ob¬ 
jed  O  B  ought  to  be  placed,  that  it  may  bear 
any  afiigned  Proportion  to  the  Image  IM, 
we  have  this  Rule  for  Lines . 

RULE, 

From  the  Length  of  the  Objed  take  the 
Length  of  the  Image,  multiply  the  Remainder 

by 


1 
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by  the  Radius  of  Convexity,  and  divide  that 
Product  by  the  double  Length  of  the  Image, 
the  Quotient  will  be  the  Diftance  of  the  Ob¬ 
ject  required,  per  Theor,  if  of  Chap.  IV. 

EXAMPLE. 

Let  the  Radius  C  E  =  20,  and  the  Pro¬ 
portion  of  O  B  to  I M  be  as  5  to  1,  to  find 
the  Diftance  of  the  Objedt  O  B. 

From  O  B  =  5 
take  I M  =  1 

Remains  4 

Multiplied  by  C  E  =  20 

Produdt  80 
Then  I  M  =  1 
Multiplied  by  2 

Dividend  2)  80  (40  =  AE 


The  Numbers  here  made  ufe  of  are  Tenths 
of  an  Inch;  and  hence  it  appears,  that  an 
Objedt  O  B  muft  be  placed  4  Inches  before  a 
Convex  Mirrour  of  2  Inches  Radius,  that  it 
may  be  in  proportion  to  it's  Image  as  5  to  1. 

4.  If  the  Objedt  be  a  Superficies  or  Plane 
of  any  Sort,  the  Rule  for  finding  it’s  Diftance 
is  as  follows. 


RULE. 


"The  ^Theory  ^Catoptrics,  45 


RULE. 


Divide  the  Objedt  by  the  Image,  multiply 
that  Quotient  by  the  Square  of  Radius  then 
from  the  fquare  Root  of  that  Product  take  the 
Radius,  half  the  Remainder  is  the  Diftance 
fought,  per  Theor.  6.  Chap.  IV* 

EXAMPLE, 


Let  the  Radius  be  20,  and  the  given  Pro¬ 
portion  of  the  Objedt  to  the  Image  be  as  25 
to  1.  Here 

The  Objedt  divided  by  the  Image  is  25 
Multiply  by  the  Square  of  Radius  400 

>* 

*»*■■■* 

Extradt  the  fquare  Root  —  —  ioooo(  100 

the  fquare  Root 
Subftradt  the  Radius  —  * — ■  ■ —  • —  20 

The  Remainder  —  —  —  —  So 


The  half  thereof  is  —  — *  —  —  40 

the  Diftance  of  the  Objedt  as  required. 

5.  The  Rule  is  the  fame  for  a  Solid,  as  for 
(  a  Superficies ,  if  inftead  of  Square ,  and  Square 
Rooty  we  ufe  the  Cube  and  Cube  Rooty  as  per 
Theor.  8. 


EXAMPLE. 

Let  the  Radius  be  20,  and  the  Propor¬ 
tion  of  the  Objedt  to  the  Image  be  that 
>  "  of 
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of  125  to  i;  to  find  the  Diftance  of  the  Ob¬ 
jedt  in  that  Cafe. 

The  Objedt  divided  7 


by  the  Image  is  j 
Multiplied  by  the  ? 
Cube  of  Radius  j 


125 

8000 


Extradt  the  Cube  7  1000000  (100  Cube 

J  (Root 


Root  of  Prod. 
Subftradt  Radius 


20 


The  Remainder  —  —  —  80 

Half  thereof  is  —  —  ■ — ■  —  40,  the  Di¬ 
ftance  of  the  Objedt  required. 

6.  Thus  it  appears  that  an  Objedt  placed 
4  Inches  before  a  Convex  Mirrour,  of  2  Inches 
Radius,  will 

f  A  Line  1  be  in  Propor-  3  5  to  1 
If  it  be  <  A  Superficies  >  tion  to  it’s  >25  to  1 
C  A  Solid  3  Image  as  3  1 25  t0  1 

x  That  is,  the  Diminutions  of  fuch  Objedts  are 
in  the  Simple  Square ,  and  Cubic  Proportions, 
at  equal  Diftances  from  the  Mirrour,  as  they 
ought  to  be  by  the  Rules  of  Geometry,  which 
like  wife  proves  the  Truth  of  the  Rules  here 
laid  down. 

x  7.  From  the  4th  Theorem  it  is  evident  it 
is  impoffible  to  form  an  Image  of  any  Objedt 
before  a  Convex  Mirrour. 

>  8.  Alfo  it  is  impoffible  to  magnify  an  Ob- 

jedt  by  a  Convex  Mirrour,  becaufe  the  Image 

being 


* 


•r ;  '•  ' 
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|  being  greater  than  the  Objedt,  cannot  be  taken 
from  it,  as  the  Rule  above  (in  Art.  3.) 
requires.  Nor  can  the  Image  be  ever  equal 
i  to  the  Objedt,  but  when  they  both  meet  or 
j  coincide  in  the  Vertex  of  the  Mirrour. 

9.  It  is  evident  likewife,  if  the  Objedt  be 
|  large  in  refpedt  of  the  Mirrour,  that  it’s  Image 
1  will  not  be  ftrait  or  plain,  but  curv'd,  yet  not 
i  circular  or  concentric  with  the  Mirrour  by 

what  has  been  taught  in  Chap.  IV. 

10.  Again,  the  Image  formed  by  a  Convex 
1  Mirrour  will  be  ereffi^  as  is  eafily  underftood 

from  Chap.  IV,  and  is  evident  from  the 

)  Scheme  of  this  Plate. 

■!  # 

Concave  Mirrours.  Plate  VIII. 

Let  the  Radius  be  20 ,  and  the  Proportion 
i  of  the  Objedt  to  the  Image  be  as  1  to  5,  to 
j  find  at  what  Diftance  the  Objedt  muft  be 
I  placed  3  this  is  the 

R  U  L  E. 

I 

From  the  Image  fubftradl  the  Objedt,  and 
|  multiply  the  Remainder  by  Radius  ;  divide 
I  that  Produdt  by  twice  the  Image,  the  Quo- 
ij  tient  will  be  the  Diftance  of  the  Objedt  fought, 
per  Theon  2» 


EXAMPLE, 
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EXAMPLE. 

From  the  Image  IM  =  5 
Take  the  Objedt  OB  =  1 

The  Remainder  —  - —  4 

Mult,  by  Radius  C  E  —  20 

J  -  (ftancci 

Divide  by  2  IM  =  10)80(8  =  AE  the  Di- 

80 


That  is,  a  Line  placed  8  Tenths  of  an  Inch 
before  a  Concave  Mirrour  of  2  Inches  Ra- 
dius,  will  appear  5  Times  as  big  as  it  is;  and 
were  it  a  Plane,  it  would  be  25  Times  as 
big,  ifafolid  125  Times  as  big,  at  that  Di- 
ftance.  For  the  Rules  relating  to  Surfaces 
and  Solids  are  here  the  fame  as  in  the  Con¬ 
vex  before  laid  down,  with  this  Difference 
only,  that  there  the  Radius  was  fubjirafted 
from  the  Root ;  but  here  it  muff  be  added 
thereto. 

12.  While  the  Focus  is  behind  the  Glafs, 
the  Objedt  muff  be  magnified  from  the  Na¬ 
ture  of  the  Theorem  on  which  this  Rule  is 
founded.  It  will  alfo  appear  curv'd  and  ere£i> 
as  in  the  Convex. 

13.  If  the  Focus  be  required  before  the 
Glafs,  the  Rule  for  finding  the  Diftance  of  the 
Objedt,  having  the  fame  things  given  as  be¬ 
fore,  will  be  as  follows. 


RULE. 


r 


/ 


I 


•  > 
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RULE. 

,  / 

To  the  Objedt  add  the  Image,  and  multi- 
1  ply  that  Sum  by  the  Radius,  divide  this  Pro- 
1  dudt  by  twice  the  Image,  the  Quotient  will 
>  be  the  Diftance  of  the  Objedt,  per.  Theor.  5. 

According  to  this  Rule,  any  Objedt  may,  in 
rthis  Cafe,  be  magnified  or  diminiftied  in  any 
1  Proportion  we  pleafe„ 


EXAMPLE. 


Let  the  Radius  be  20,  and  the  Proportion 
of  the  Objedt  to  the  Image  be  as  5  to  1,  to 
:  find  the  Diftance  of  the  Objedt.  See  Plate  IX. 

To  the  Objedt  —  OB  =  5,  • 

Add  the  Image  —  IM  =  i. 


The  Sum  is  —  —  —  6 ; 

I  Multiply  by  Radius  CE  =  20, 


The  Produdt  is  —  —  —  120 ; 

Then  2  I M  =  2)  120  (60  =  A  E,  the  Di- 
1  ftance  of  the  Objedt  O  B  required,  viz.  Six 
:  1  Inches. 


14.  But  if  I  M  be  fuppofed  the  Objedt, 
ithen  will  OB  be  the  Image,  5  Times  larger 
than  it  5  and  the  Diftance  a  E  will  be  found 
12,  or  one  Inch  and  two  Tenths3 

15.  If 


I 
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15.  If  the  Qbjedt  and  Image  are  defired 
equal,  the  Objedt  muft  be  placed  in  C,  the 
very  Center  of  the  Mirrour  ;  this  is  eafily 
underftood  from  the  Rules,  and  is  vifible  by 
Experiment,  and  is,  by  the  Way,  a  good 
Expedient  for  finding  the  Center  of  the  Con¬ 
cavity  of  a  Mirrour. 

16.  The  Image  will  here  alfo  be  curved \ 
and  it  will  be  now  inverted ,  becaufe  the  Rays^ 
crofs  each  other  in  the  Center,  and  form  it  on 
the  other  Side;  the  Reafon  is  plain  in  the 
Scheme,  and  from  what  has  been  taught  in 
Chap.  IV,  of  the  Theory. 

17.  It  will  now  be  no  difficult  thing  to  un~ 
derftand  how  Concave  Mirrours  make  fuch 
excellent  Burning-Glajfes .  For  fuppofe  the 
Radius  of  Concavity  be  2  Feet,  or  24  Inches, 
and  the  Diameter  of  the  Mirrour  12  Inches 
It  has  been  (hewn,  that  the  Image  of  the  Sur 
would  be  formed  by  this  Mirrour  at  the  Di- 
flance  of  i  the  Radius,  or  1 2  Inches  from  the 
Vertex.  See  Chap.  V.  Art.  16.  Alfo  the 
Image  being  feen  under  the  fame  Angle,  a: 
the  Objedl  from  the  Vertex  of  the  Mirrour 
(  per  Chap.  IV.  Art.  5.)  will  there  fubtend  ar 
Angle  of  only  32  Minutes.  The  Diamete 
therefore  of  this  Image,  by  the  Rules  of  Tri  i 
gonometry,  will  be  found  about  1  Tenth  0 
aji  Inch,  and  the  Diameter  of  the  Mirrour  be 
ing  1 2  Inches,  the  Squares  of  thefe  Diameter 
will  be  as  1  to  14400 ;  and  confequently  thf 
Denfity  of  the  Sun’s  Rays  in  this  Image 

(when 


\ 

The  Theory  of  Catoptrics.  5 1 

% 

(where  they  are  all  colledted)  will  be  to  their 
Denfity  on  the  Surface  of  the  Glafs,  as  14400 
to  1,  and  their  Heat  will  be  in  Proportion. 
That  is,  the  Heat  of  the  Sun’s  Ray,  in  the 
Focus  of  fuch  a  Glafs,  will  be  fourteen  thou - 
fund  and  four  hundred  Times  greater  than  be¬ 
fore  ;  and  therefore  mufc  needs  burn  very  fu~ 
rioufly,  and  produce  very  great  Effedts. 

Plain  Mirrours.  Plate  X. 

. 

18.  In  Plain  Mirrours,  or  Looking-Glajfes , 
t  the  Image  I  M  will  always  be  equal  to  the  Oh* 

\  jedt  O  B,  at  what  Diftance  foever  it  be  placed, 

I  per  Theor.  3.  It  will  alfo  be  ere£iy  and  as  far 
i;  behind  the  Glafs  as  the  Objedt  is  before,  as 
!i  hath  been  already  fhewn,  Chap.  V.  Art.  20. 

19.  Hence  their  excellent  Ufe  in  reprefent- 
ji  ing  Objedts  every  Way  like  the  Life ;  but  this 

is  too  common  to  be  infilled  upon.  I  fhall 
1  only  juft  obferve,  that  the  Mirrour  being  but  \ 
at  half  the  Diftance  of  the  Image,  will  com- 
pleatly  receive  an  Image  of  twice  it’s  own 
Length  $  and  therefore  a  Man  of  6  Foot  height 
may  view  himfelf  entirely  in  a  Looking- 
Glafs  of  3  Feet  Length,  and  half  his  own 
i  Breadth. 

20.  If  the  Proportion  of  the  Objedt  and 
1  Image  be  given,  and  the  Diftance  of  the  Ob¬ 
jedt  from  the  Mirrour,  the  Radius  of  the  Con- 
-  vexity  may  be  found  for  that  Purpofe  by  this 

1  Rule, 

D  2  RULE. 
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RULE. 

Multiply  twice  the  Diftance  of  the  Objedt 
by  the  Image,  divide  that  Produdt  by  the  Dif¬ 
ference  between  the  Objedt  and  Image,  the 
Quotient  is  the  Radius  of  the  Mirrour,  per 
Theor.  10. 

Note,  the  Focus  is  here  behind  the  Glafs, 
and  it  is  impoffible  to  have  it  before,  per 
Theor.  12. 

21.  The  fame  things  given,  the  Radius  of 
Concavity  is  found  by  this 

RULE. 

Multiply  twice  the  Diftance  by  the  Image, 
and  divide  that  Product  by  the  Difference  be¬ 
tween  the  Image  and  Objedt,  the  Quotient  is 
the  Radius  required,  per  Theor.  1 1. 

The  Focus  here  being  behind  the  Mirrour, 
the  Image  will  be  greateft.  But  if  the  Focus 
be  required  before  the  Glafs,  the  fame  Rule 
finds  the  Radius,  if,  inftead  of  the  Difference ,( 
you  take  the  Sum  of  the  Objedt  and  Image,  „ 
per  Theor.  13. 

22.  In  the  laft  place,  if  the  Radius  of  the: 
Mirrour,  and  the  Diftance  of  the  Objedt  be: 
given,  then  may  the  Proportion  between  the: 
Objedt  and  Image  be  found  for  a  Convex ,  by 
this 

ANALOGY. 
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ANALOGY. 

As  twice  the  Diftance  added  to  the  Radius, 
:  is  to  the  Radius ; 

So  is  the  Objed  to  the  Image,  per  Theor.  14, 

23.  For  a  Concave,  the  Proportion  will  be 
found  by  this 

ANALOGY. 

As  the  Radius  leffened  by  twice  the  Di- 
I  ftance,  is  to  the  Radius  5 

So  is  the  Objed  to  the  Image,  per  Theor,  15. 

24.  If  the  Focus  be  required  before  the 
E  Glafs,  the  Analogy  is  this. 

ANALOGY. 

As  twice  the  Diftance,  leffened  by  Radius, 

is  to  the  Radius : 

\  * 

So  is  the  Objed  to  the  Image,  per  Theor.  17. 

I 

25. 1  {hall  exemplify  this  laft  Cafe  of  a  Con¬ 
cave  Mirrour,  as  being  the  moft  frequent  and 
curious. 

Let  the  Radius  be  20,  and  the  Diftance  of 
:an  Objed  from  the  Mirrour  be  130 ;  then 
twice  130  is  260,  from  which  take  Radius 
:20,  there  will  remain  2405  then  {hall  the 
Objed  be  to  the  Image  as  240  to  20,  or  as 

D  3  12 
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12  to  i  ;  that  is,  it  will  be  12  Times  as 
large  as  the  Image.  Now  if  you  can  tell  the 
Length  of  the  Object,  as  fuppofe  36,  then 
is  the  Length  of  the  Image  known  3  for 


As  240 


20  : :  36  :  3  =  the  Length  of  the 
36  Image,  as  appears 

—  by  the  Work. 


120 

60 


240)720(3 

720 


26.  And  thus  I  have,  I  hope,  fufficiently 
explained  the  Dodhine  of  Catoptrics ,  and  illu- 
ftrated  the  Theory  by  plain  and  practical 
Rules,  Examples,  and  Schemes.  I  (hall  now 
proceed  to  do  the  fame  by  Dioptrics ,  the 
more  noble  and  ufeful  Part  of  this  Science, 


PART 


I 


t 


I 
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/ 
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CHAP,  I. 

1 


The  Theory  of  Dioptrics. 


I.TN  Plate  XI,  Fig.  i.  Let  LN  reprefent 
a  convex  Lens,  D  f  it’s  Axis,  D  a  Ra¬ 
diant  Point  therein,  D  A  a  Ray  proceeding 
from  thence  to  A,  a  Point  in  the  Surface 
LBN,  C  is  the  Center  of  the  Convexity  of 
!  that  Surface,  C  G  being  drawn  through  the 
]  Point  A,  is  a  perpendicular  to  that  Surface  in 
i  the  Point  A.  C  A  or  CB  is  the  Radius,  Af 
is  the  refracted  Ray,  and  f  the  Point  where 
i  it  meets  the  Axis  after  the  firft  Refradtion. 

2.  Let  DB  =  d,  C  A  =  r,  EB  =  t,  the 

I  Thicknefs  of  the  Lens ;  and  let  the  Sine  of 
the  Angle  of  Incidence  D  A  G  be  called  I, 
and  the  Sine  of  the  Angle  of  Refraftion  CAf, 
or  G  A  H,  be  called  R. 

3.  Now  fince  the  Point  A  is  fuppofed  to 
be  very  near  to  the  Vertex  B,  DA  may  be 
efteemed  equal  to  D  B  =  d,  by  Princip.  4  $ 
and  in  the  Triangle  CAD,  we  {hall  have  AD 
to  AC,  as  the  Angle  C  to  the  Angle  D,  per 

.  Princip.  1.  That  is,  d  :  r  : :  C  :  D. 

■  1 

■  V  V.'  •  3f 
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4,  Alfo  DB-{-BC  =  d~f-r,  will  be  asi 
the  oppofite  Angle  CAD  or  DAG,  for  the:. 
Sine  of  both  is  the  fame. 


5.  Then  as  I  :  R  :  :  d  +  r 


dR-rrR 


I 


which  will  be  as  the  Angle  C  A  f ;  this  takeni 
from  the  Angle  A  C  D  —  d,  leaves  the  Angle: 

dl  —  t-R  —  dR 
AfD  = - . 

I 

6.  Laftly,  As  the  Angle  f  :  D  :  :  A  D  or 

dl  —  r  R  —  dR 
D  B  :  A  f  or  B  f ;  that  is,  as  - - 

rd  i  f 

:  :  r  :  :  d  :  ■  ■  1  —  ~  B  f,  the  Di-  ■ 

dl_rR  —  dR 

fiance  of  the  Point  f,  in  the  Axis  after  the: 

firfl  Refledion. 

7.  But  fince  there  is  a  fecond  Surface  LEN 
of  the  Lens,  there  mu  ft  neceffarily  be  a  fecond 
Refradion  of  the  Ray  A  D,  to  fome  other 
Point  in  the  Axis,  as  F ;  fee  Fig.  2.  Let  K 
be  the  Center  of  this  fecond  Surface,  and  KI 
a  perpendicular  thereto  in  the  Point  a,  from 
whence  the  laid  Ray  is  refraded  to  F.  In 
this  Cafe,  the  Refradion  being  out  of  a  denfe: 
into  a  rarer  Medium,  the  Sine  of  Incidence  will 
be  to  that  of  Refradion,  the  reverfe  of  what 
it  was  before,  viz.  as  R  to  I ;  that  is,  the  Sine 
of  Iaf  is  to  the  Sine  of  la  F,  as  R  to  I. 

8.  Here  let  Ka  be  called  r,  Ef  —  d  •,  and 
then  will  be,  as  d :  r  :  :  K  :  f.  And  E  f  -p  * 

ek: 


\ 


'  s  * 
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? E  K  =  d  -j-  r  ;  and  this  will  be  as  the  Angle 
f  a K,  or  it’s  Complement  I  af ;  therefore  R : 


I  :  :  d  -f~  r  : 


d  I  -j-  r  I 

R 


which  will  exprefs 


the  Angle  I  a  F. 

9.  Then  IaF  — aKF 
dl  -j-  r  I  —  </R 


dl  -j-  r  I 

R 


R 


aKF.  Now  as  F  : 


K  :  :  K  a  or  K  B  :  a  F  or  E  F  5  that  is,  as 


d I  -{-  r  I  — JR 


R 

EF. 


4  /f  4  4 

<9  Vp  *  © 


R  Jr 


Jl-f-rl- 

drl 


JR 


10.  But  B  f  —  BE  =  — 

dl- — rR — dR 

t  —  J  =  E  f,  per  Art.  6. 

1 1.  Therefore,  putting  I  —  R  =  0,  wefhall 

drl  drl — dOt-{~rRt 


have  J  —  ■ 

dO 

12.  Alfo  JRr  = 


rR  dO— rR 

drIRr — dotRr-j-rtRRr 

dO  — rR 

13.  Again  Jl-j-rl —  JR=n  do-j-r  I; 
if  then  we  multiply  the  Equation,  Art.  11.  by 
O,  and  add  thereto  r I;  we  (hall  have  Jl-j-rl 
drlo— doto-j-rRto-j-  dorl 


JR  = 
r  R I  r 


do-— r  R 


14.  Then 


1 
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dRr 

14.  Then  — — ; - - - —  = 

dl  r\  —  d  R 

drIRr  —  dotRr-j-rtRRr 
drlo  —  doto-j-rRto-}-dor  I —  r  R  I  r 

=  EF. 

15.  This  laft  Equation  may  be  abridged,  by 

R.  R 

fubftituting  p  for  — ,  that  is,  for  - - then 

p  dr  I  r—p  dotr-|-rtRr^ 


Hiall  we  have 
=  EF. 


d  r  I  - —  do  t-j-r R t-j-d r I  — p r  I r 


16.  Laftly,  if  now  we  take  R  =/>0,  in 
p  d  o  t  r ;  and  I  —  R  =  O  in  dot;  this  E- 
quation  will  be  finally  reduced  to  this  funda¬ 
mental  Equation  for  all  Dioptrics ,  viz . 

p  dr  r  I  —  dtrR*-}-rtr^R 

drl  —  dtl-j-dtR-j-rtR-j-drl  —  pv  rl 
—  EF  =/. 

17.  The  Ratio  of  I  to  R  being  in  Glafs  as 

.  „  ,  R  2 

3  to  2,  we  thall  have  _ - = - =  2 


I— R 


py  for  a  Glafs  Lens. 


18.  In  Watery  the  Ratio  of  I  to  R  being  as 
4  to  3,  we  fhall  have/?  =  3  ;  and  in  Diamond, 

the 
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the  Ratio  being  as  5  to  2,  p  will  be  =  f. 
Wherefore,  if  inftead  of  p ,  I,  and  R,  we 
write  their  Value  in  Numbers  in  the  forego* 

1  ing  Equation,  it  will  then  be  fuited  for  a  Lens 
i  of  Glafs,  Water ,  or  ‘ Diamond .  But  I  fhall 
1  only  regard  that  of  Glafs,  for  which  it  will 

*  *  .  6drr — 2d  tr  +  Atrr 

Hand  thus ;  — — - - - - — 7 - - — 

3  d r  -p  3  d r— d  t-j-2  r t — or r 

=  EF=/ 

19.  We  fhall  now  adapt  this  Theorem  to 
i  the  Cafe  of  [a  Glafs  Globe ,  Glafs  Hemifpheres , 

and  all  Sorts  of  GAz/J  Lenfes ,  for  all  Kind  of 
:  Rays,  as  follows. 

For  A  Globe. 

I  *  » 

ft 

20.  Case  I.  Diverging  Rays ,  Fig.  3.  Here 
:  r  =  r,  and  t  =  2  r  5  that  is,  both  the  Ra- 
1  dius’s  being  equal,  and  t  the  Thicknefs  being 
j equal  to  twice  the  Radius;  the  Equation 

in  Art.  18.  will  be  reduced  to  this  Form 

|dr-J“4rr 

>i - - - 

j  2d  —  r 

21.  Case  II.  Of  Parallel  Rays ,  Fig.  4. 

;  In  this  Cafe  d  being  infinite,  the  Parts  of  the 
Equation  will  vanifh  where  it  is  not  found  - 

dr  r 

confequently  it  will  be  —  =  —  ==/I  Theor.  2, 

ad  2 

aa®  Case 


f  Theor.  1. 
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22.  Case  III.  Of  Converging  Rays,  Fig.  5. 
Here  d  being  negative,  or  —  d,  the  Equation 

—  d  r  — (-  4.  r  r 

•will  be - , -  =  f.  Theor.  3. 

—  2  d—r  J  A 

For  an  Hemisphere* 

23.  Case  I.  Of  Diverging  Rays ,  Fig.  6. 
If  the  convex  Part  be  towards  the  Radiant 
Point  D,  then  will  the  Radius  r  be  infinite, 
and  t  =  r;  and  the  Equation  will  become 

—  4d  r  +  4  r r 

< - — — — —  —  f  Theor.  4. 

3  d  —  6  r 


24.  Case  II.  Of  Parallel  Rays,  Fig.  7. 

4  d  r 

Here  d  being  infinite,  we  (hall  have  — - 

3  d 


4 

-  r 


f  Theor.  5. 


25.  Case  III.  Of  Converging  Rays,  Fig.  8. 
Here  d  being  negative,  or  —  d,  the  Equation 

—  4d  r +  4rr 

*  1  -/.  Theor.  6. 


will  be 


3d  — 6r 


26.  If  the  plain  Part  of  the  Hemifphere  be 
cxpofed  to  the  Radiant,  there  will  be  for 

'  Case 
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C  A  s  e  I.  Of  Diverging  Rays ,  Fig.  9. 
6  d  r  -{~  4  r 

■ - — - =  f.  Theor.  7.  / 

3  d  — 4  r 


27.  Case  II.  Of  Parallel  Rays,  Fig.  10. 

6d  r  6 

- =  -r  =  2r  =  r.  Theor.  8. 

3d  3 

1  f  ' 

28.  Case  III.  Of  Diverging  Rays,  Fig.  i  f* 

• —  6  d  r  4.  r  r 

.  . .  —  —f  Theor.  9. 

~~3d  — 4  r 

:  V.  ...  {  r 

I'.  " 

29.  Note,  if  from  the  focal  Diftance  2  r 
:  in  Art.  27,  we  take  fr  in  Art.  24,  there  will 

2  remain  j  r,  which  will  be  the  Difference  in 
[j  turning  the  Convex  and  plain  Sides  of  the 
[  Hemifphere  towards  the  Sun-Beams. 

For  Double  Convex  Lenses.  - 


30.  If  the  Lens  be-  convex  on  both  Sides, 
and  the  Radii  of  the  Convexities  unequal,  and 
|  the  Thicknefs  confidered,  we  £hall  have  for 

Case  I.  Of  Diverging  Rays ,  the  fun¬ 
damental  Equation  it  felf,  viz . 

6  dr r  — ■  2  d  t r-4-  4 1 r  r 

- — ~ — — — j - — - —  =  f  Theor. 

3 d r  — 3 dr—  dt-f-2  r  t  —  or r 

10, 


31.  Case 
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3 1.  Case  II.  Of  Parallel  Rays,  where  d  is 

.  .  6drr  —  2  dtr  6r r — 2tr 

infinite,  — - - - - - —  = - - - - 

3  dr  -f-  3dr  — dt  3  r  -j- 3  r  — t 

= f  Theor.  1 1. 

32.  For  Converging  Rays,  where  d  is 
negative,  or  —  d  -,  we  have 

—  6drr-f-2dtr-f-4trr 

-  .  r  —  ■  —  1  ■  —  .  1.  -  —  -  »■■■■■■ . .  11  ■  -■  1  ■■  ■  1  1  ■  ».  "■* 

^  d  r  -  ^  d  |  •*  d  t 1 — ^  2  r  t  v  r 
Theor.  12. 


=f 


33.  If  the  tfhicknefs  of  the  Lens  be  neg¬ 
lected,  as  inconfiderable,  which  it  very  well 
may,  and  always  is  in  common  Ufe;  then  all 
thofe  Parts  of  the  Equation  where  t  is  found 
will  vanilh,  and  it  will  become  for 

Case  I.  Of  Diverging  Rays ,  Fig.  12. 

2  d  r  r 

— f  Theor.  13. 


d  r  ~[-  d  r  —  2  r  r 


34.  Case  II.  For  Parallel  Raysy  Fig.  13. 
2  drr  2  r r 

= /.  Theor.  14. 


d r | *  dr  r — |—  r 


3  5.  Case  III.  For  Converging  Rays ,Fig.  14. 
2  dr  r 

=/.  Theor.  15. 


dr-j-dr  *+2rr 

^  -4 


36.  if 
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\ 

36.  If  the  Radii  of  the  Convexities  are 

j  equal,  that  is,  r  =  r,  and  the  Thicknefs  of 
i  the  Lens,  or  t  be  neglected;  then  will  the 
Equation  be  very  iimple,  viz. 

I  r-  #■.  * 

I  •>  ,  A  f  ,  ^ 

N  Case  I.  For  Diverging  Raysy  Fig.  15. 

Plate  XII.  - 

d  — 

1  * 

3 7.  Case  II.  For  Parallel  Rays ,  Fig.  16. 

dr 

—  ==  r  =  f  Theor.  17. 
d  J  / 


— f  Theor.  16. 


Toe  Theory 


38.  Case  III.  For  Converging  Rays3 
dr 

Fig,  17.  =  f  Theor,  18. 

d  -j-  r 


'  •:  U 


For  a 


Plano-Convex  Lens. 


39.  If  the  Convex  Surface  be  expofed  to  the 
ladiant,  r  being  infinite,  the  Equation  will 
>e  for 


Case  I.  Of  Diverging  Rays}  Fig.  18. 

>dr  —  zdt4-4tr 

—  =  /.  Theor.  19. 


3  d  —  6  r 


E 


40,  Case 
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40.  Case  II.  For  Parallel  Rays ,  Fig.  19.. 

6r  —  2  t  . 

- =2  r  —  ft  =  /.  Theor.  20. 


41.  Case  III.  For  Converging  Rays, 

—  6 dr-4- 2  d t +  4t  r 

—  —f  Theor. 


Fig.  20. 


21. 


—  3d  — 6r 


42.  If  the  Thicknefs  of  the  Lens  t  be  neg¬ 
lected,  as  is  ufual,  the  Theorems  will  be  more 
concife,  m, 


Case  I.  For  Diverging  Rays , 
Theor.  22. 


2  d  r 


Case  II.  For  Parallel  Rays , 
= /.  Theor.  23. 


2  d  r 

~dT 


Case  III.  For  Converging  Rays ,  — - 

d  — j—  2 1 

= Theor.  24. 

43.  If  the  plain  Surface  be  turned  to  the 
Radiant,  in  which  Cafe  r  will  be  infinite,  we 
fhall  have 

C  a  s  El 
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I 

T7*  •  "»  -  '  \ 

Case  I.  For  Diverging  Rays,  Fig.  21. 


6d  r  ~j-4t  r 


2  t 


6  r 


—f  Theor.  25. 


44.  Case  II.  For  Parallel  Rays ,  Fig.  22, 
JBdr 

=  2  r  =f.  Theor.  26. 


3  d 


)i|  45.  Case  III.  F or  Converging  Rays,  Fig.  23. 
•  “  — -  6  d  — I-  At  r 

if — * — : — ; - - =  f  Theor.  27. 

—  3  d  -j-  2 1  —  6r 

'I  ’  v 

a  46^  If  the  Thicknefs,  or  t,  be  negledted, 
live  fhall  have 

2  dr 

i  Case  I.  For  Diverging  Rays, 


;  Theor.  28, 


d  —  2  r 


2  d  r 


■f 


j.  Case  II.  For  Parallel  Rays ,  - =  2  r 

d 

1==//  Theor.  29. 


<U' 


V 


Case  III.  For  Converging  Rays, 

s=  Theor.  30. 


2  d  r 

gifwwtMci  iiuiiii.'m— in 

d  -  T-  2  r 


i* 


47.  From  the  Theorems  in  Art.  40  and  44, 
appears,  that  the  focal  Diftance  is  greater 

E  2  by 
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by  f  t,  when  the  -plain  Side  of  the  Lens  is 
turned  towards  that  of  the  Sun  Beams,  than 
when  the  convex  Side  is. 


For  Concave  Lenses. 


48.  If  it  be  a  double  Concave,  whofe  Ra¬ 
dii  of  Concavities  are  unequal,  and  the  Thick- 
nefs  confidered ;  each  Radius  having,  in  this;: 
Cafe,  a  negative  Sign,  the  Equation  will  be 
for 


Case  I.  Of  Diverging  Rays , 
6drr-|~2dtr-j-4trr 


3  d r  —  3  d  r  —  dt  —  2rt  —  6r 


=  /• 


Theor.  3 1. 

49.  Case*  II.  Of  Parallel  Rays, 
—  f  Theor.  32. 


6  r  r  -f-  2  t  r 


.3  r— 3  r—t 


5°.  C  a  s  e  III.  Of  Converging  .Raysy 
-  6  d  r  r —  2dtr-4-Atrr 

-f  Theor.  33., 


3  d  r  '-j— 3  d  — j-d  t — 2rt — 6r  r 


51.  If  the  Thicknefs  of  the  Lens,  or  t, 
be  negledfed,  which  in  Concaves  is  mofl  in- 
confiderable  y  the  Theorems  will  be  much: 
Ihortened,  and  Hand  thus  5 


Case: 
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Case  I.  For  Diverging  Rays ,  Fig.  24, 
2d  r  r 

= f  Theor.  34. 


dr  —  dr  ■ —  2  r  r 


52.  Case  II.  For  Parallel  Rays,  Fig.  25. 
arr 

-  —f  Theor.  35. 


53.  Case  III.  For  Converging  Rays,  Fig.  26. 
—  2  d  r  r 

— — — — —  =  f  Theor.  36, 


1  dr-j-dr —  2rr 


54.  Moreover,  if  we  fuppofe  the  Radii  of 
' !  Concavities  equal,  that  is,  r  —  r,  we  (hall  have 
I  the  Theorems  ftill  more  abridged  thus  5 


Case  I.  For  Diverging  Rays ,  Fig.  27. 
d  r 

- - =/  Theor.  37. 


55.  Case  II.  For  Parallel  Rays,  Fig.  28. 


d  r 


r  =  f  Theor.  38. 


56.  Case  III.  For  Converging  Rays ,  Fig.  29. 
■dr 

= f  Theor.  39. 


r 


E  3 


Of 
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Of  a  Plano-Concave  Lens. 


57.  If  the  concave  Surface  be  towards  the 
Radiant,  r  being  infinite,  we  fhall  have  the 
Equation  for 


Case  I.  Of  Diverging  Rays ,  Fig.  30. 

»6dr™2dt— -  4 1  r 

—  =  f\  Theor.  40. 


3  d  6  r 


58.  Case  XL  Of  Parallel  Rays,  Fig.  31. 
■  6  r  —  2 1 

— - -  —  —  2r  —  ft  —f  Theor.  41. 


59.  Case  III.  Of  Converging  Rays >  Fig.  32. 

6dr4-adt“4tr 

—  ~f  Theor.  42. 


3  d  -j-1  6 


60.  If  the  Thicknefs  of  the  Lens  be  neg¬ 
lected,  the  Theorems  will  be  thus  abridged. 


Case  I.  For  Diverging  j Rays, 


2dr 


Theor.  43 


2r 


=/• 


Case  II.  For  Parallel  Rays , 


2d  r 


2  r  =  f  Theor,  44, 


Case:: 


I 
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2  dr 

Case  III.  For  Converging  Rays, 

= f  Theor.  45; 


zr  —  d 


61.  If  the  plain  Surface  be  towards  the  Ra¬ 
diant,  r  will  be  infinite  5  and  the  Theorems 
will  be  for 

Case  I.  Of  Diverging  Rays ,  Fig.  33. 
—  6  d  r  —  4.  t  r 

Plate  XIIL  — - -  =  f  Theor.  46. 

3d  +  2t  +  6r 

62.  Case  II.  Of  Parallel  Rays ,  Fig.  34, 

6  d  r  :C 

■ — —  =5=  —  2  r  =/.  Theor.  46. 

—  3  d 

) 

63.  Case  III.  Of  Converging  Ray sy  Fig.  35* 
6  d  r  —  4 1  r 

=/•  Theor.  47. 


3  d  -j-  2 1  -j-  6  r 


64,  If  the  Thicknefs  t  be  negle&ed,  thefe 
Theorems  will  become  for 

1 

—  2  dr 

Case  L  Of  Diverging  Raysy  - — • - =  f. 


Theor.  48. 


d-\-2  r 


Case  II.  Of  Parallel  Rays, 

r  =f  Theor.  49. 

E  4 


«—  2  d  r 


Cass 
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Case  III.  Of  Converging  Rays, 
:/,  Theor.  50. 

For  a  Meniscus. 


2d  r 


2  r 


-d 


65.  If  the  Radii  of  the  Surfaces  are  un¬ 
equal,  and  the  convex  Side  expofed  to  the 
Radiant,  in  which  Cafe  r  will  be  negative, 
we  fhall  have  the  Equation  for 

Case  I.  Of  Diverging  Rays , 

—  6  d  r  r  •  2  d  t  r  —  4 1  r  r 

-f  Theor.  51. 


3  d  r  —3d  r — d  t  -f-  2  r  t  -j-  6  r  r 


66.  Case  II.  Of  Parallel  Rays, 

•  6  r  r  -F  2  t  r 

—  —f  Theor.  52. 


3 r  “  3  r 


67.  Case  III.  Of  Converging  Rays, 
6d  r  r  —  2  d  t  r — 4 trr 


• —  3  d  r  — j-  3d  r  ~4-  d  t  -4-  2  r  t  6  r  r 
Theor.  53. 


f 


68.  If  the  Thicknefs  t  be  negleded,  the 
Theorems  will  be  for 

Case  I.  Of  Diverging  Rays,  Fig.  36. 
—  2  d  r  r  *, 

= J i  Theor.  54. 


dr  —  dr 


2  r  r 


69.  Case 
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69.  Case  II.  Of  Parallel  Rays,  Fig.  37. 
— -  2  r  r 

- -  =/.  Theor.  55. 

r  —  r 

70.  Case  III.  Of  Converging  Rays,  Fig.  38. 
2  Ax r 

— 3=  Theor.  56. 
d  r  —  d  r  — 2  r  v 

71.  If  the  Radius  of  Convexity  be  equal  to 
the  Radius  of  Concavity,  viz.  r  =  r ;  and 
the  Thicknefs  t  negleited,  the  Theorems  will 
be  for 


Case  I.  Of  Diverging  Rays ,  Fig.  39* 
•  2  dr  r 

2  r  r 


d  =  f  Theor.  57. 


72.  Case  II.  Of  Parallel  Rays,  Fig.  40. 
•  2  r  r 

-- — -  ==  f  Theor.  58. 
o 


73.  Case  III.  Of  Converging  Rays ,  Fig.  41. 


2  d  r  r 


2  rr 


= d  -f 


Theor.  59. 


74.  If  the  concave  Side  be  expofed  to  the 
Radiant,  and  the  Radii  of  the  Surfaces  un¬ 
equal,  r  being  in  this  Cafe  negative,  we  fhall 
have  the  Equation  for 


Case 
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Case  L  Of  Diverging  Rays , 

—  6  dvr  —  2  d  t  r  —  4 1  r  r 

—  3  d  r  -y~  3  d  r  —  d  t  —  2  r  t  6  r  r 
Theor,  6o, 

t 

75-  Ca  s  e  II.  Of  Parallel  Rays , 
—  6rr  —  2tr 

=/.  Theor.  6 1. 


=  / 


3  r  T"  3r” 1 


76.  Case  HI.  Of  Converging  Rays , 
6drr“i-2dtr“4trr 

= yi  Theor. 


3  dr— - -3  dr-j-dt —  2rt~f~  6rr 
62. 


77.  If  we  negleft  the  Thicknefs  t,  we  {hall 
have  for 


Case  I.  Of  Diverging  Rays, 
— /.  Theor.  63. 


—  2  dr r 
dr — dr-f-2rr 


78.  Case  II.  Of  Parallel  Rays, 
y=f  Theor.  64. 


2  r  r 


79*  Case  III.  Of  Converging  Rays , 
2  d  r  r 

=  Theor.  65. 


dr  —  d  r  7-  2  r  r 


80.  If 
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80.  If  the  Radius  of  Concavity  be  equal  to 
:  the  Radius  of  Convexity,  and  the  Thicknefs 
%  negledted,  we  have  for 

~  2  d  r  r 

Case  I.  Of  Diverging  Rays, 


2  r  r 


d  =  f  Theor.  66. 


2  r  r 


2d  rr 


2  r  r 


81.  Case  II.  Of  Parallel  Rays,  - 
==  jl  Theor.  67. 

’I  fflKy  .  /  • 

82.  Case  III.  Of  Converging  Rays, 

5  —  d  =  f.  Theor.  68. 

For  a  Plain  Lens. 

83.  This  being  no  other  than  a  Piece  of 
\i  common  plain  Glafs,  whofe  Surfaces  are  pa- 
1  rallel  Planes,  the  Radii  r  and  r  being  both  in¬ 
finite,  the  Equation  in  Art.  1 8,  will  become 
for 

Case  I.  Of  Diverging  Rays,  Fig.  42* 
6  d  +■  4 1 

- - —  =  d  -j~  f  t  =  * —  f  Theor.  69. 


84.  Case  II.  Of  Parallel  Rays,  Fig.  43 


6  d 


o 

*  > 


f.  Theor.  70. 


85.  Case 
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85.  Case  III.  Of  Converging  Rays ,  Fig.  44. 

— - —  -d  — ft  =  f  Theor.  71. 

—  6  J  ' 


86.  If  the  Thicknefs  t  be  negleded,  the 
Theorems  will  be  for 


Case  I.  Of  Diverging  Raysy 


6  d 


=  —d 


6  d 


=  f  Theor.  72, 

•  1 

87.  Case  II.  Of  Parallel  Rays,  —  —f. 
Theor.  73. 

88.  Case  III,  Of  Converging  Rays, 

=  d  f,  Theor.  74. 


—  6d 


89.  Thus  much  for  finding  the  Foci  of 
Rays  after  Refradion.  If  the  Focus  be  given 
with  either  the  Diftance  of  the  Radiant, 
Radii  of  the  Convexities  or  Concavities,  or 
the  Ratio  of  Refradion,  the  reft  may  be 
found  by  Theorems  raifed  from  the  fame 
fundamental  Equation  in  Art.  16,  which,  if  t 
be  rejeded  as  inconfiderable,  will  ftand  thus, 
p  d  r  r 

- - 1 — -  =  f.  And  when  reduced 

d  r  --j-'  d  r  * — •  p  r  r 

we  fhall  have  p&vr  ~  &vf  6,  rf — p  r  rf 

90.  If 


I 
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go.  If  now  ft  r,  r,  p,  are  given,  d  will  be 
thus  found,  p  r rf  =  d  r/  -}-  d  r/  —  p&r  r'i 

p  r  rf 

and  therefore  it  will  be  — — - - -  =  d. 


Theor.  76. 


*f-\-rf—pxr 


91.  If/,  r,  d,  and  p  be  given,  r  will  be 
found  from  this  Equation  p  r  rf  ‘  p  d  r  r 

dr  f 

—  d  rf  ■=■  d  r  /  ;  for  then 


r.  Theor,  77. 


prf-jrpdv  —  df 


92.  If  r  be  required,  the  Equation  will 
be  p  r  r  f  -j~  p  d  r  r  —  d  vf  =  d  r/$  and  fo 

d  rf 

- - - - -  —  r%  Theor.  78. 

prf^p&r  —  dj 

93.  If/,  r,  r,  and  d  be  given,  the  Equation 
for  p  will  be  p  r  rf-\-pd.  r  r  =  dr  f  ~p  d  r/; 

d  r/~4-  d  r  f 

and  hence  we  fhall  have  — — — — —  t=  pa 

rr/-f-drr 

Theor.  79. 


94.  Having  found  p,  the  Ratio  of  the  Ke¬ 
ll  ' 

fradion  is  eafily  known  5  for  p  =  j~“p »  an<^ 

therefore  I p — Ry?=R,  and  fo  = 
whence  I :  R  : :  p  |  ■I  ^ 

95.  If 
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95.  If  the  Lens  be  a  double  Convex  of 
Glafs,  then  will  be  p  —  2,  and  if  r  =  r  y  then 
the  Theorems  for  d  and  r  will  be  as  follows. 


For  the  Diftance, 


rf 


f 
d  / 


d.  Theor.  8o. 


For  the  Radius  — - —  =  r.  Theor.  8  r. 

-JT  d 

96.  If  the  Lens  be  a  double  equally  Con- 

r  f 

cave,  then  we  have  for  the  Diftance, 


d.  Theor.  82. 


And  for  the  Radius 


df 


/“M 


r—f 


r.  Theor.  83. 
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CHAP.  II. 


The  Theory  of  Dioptrics  continued, \ 
for  determining  the  mutual  Propor¬ 
tion  of  the  Object  and  Image. 


i. 


L 


! 


e  t  L  N  be  a  double  equally  convex 
Lens,  Plate  XIII,  AC  a  it’s  Axis, 
(OB  an  Object  in  a  Pofition  perpendicular 
thereto. 

2.  From  the  Extremity  of  the  Objedt  O, 
fuppofe  a  Ray  O  F  fall  upon  the  Lens  in  fuch 
a  Point  F,  that  by  it's  Refradtion  in  the  Glafs, 
it  be  made  to  pafs  through  the  middle  Point 
of  the  Lens  C  to  G ;  at  G  it  will  be  fo  re- 
fradted  to  I,  that  the  Ray  G I  fhall  be  parallel 
to  O  F.  This  Ray  O  C I  will  be  the  Axis  of 
all  the  Rays  which  fall  on  the  Lens  from  the 
Point  O,  and  I  will  be  the  Focus  where  they 
will  all  be  colledted,  by  what  has  been  before 
taught. 

3.  In  like  Manner  BKCKM  is  the  Axis 
of  that  Pencil  of  Rays,  which  proceed  from 
the  Extremity  of  the  Objedt  B,  and  their  Fo¬ 
cus,  fuppofe  at  M.  Then  fince  all  the  Points 
in  the  Objedt  between  O  and  B,  mult  necefla- 

rily 


a 


I 
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rily  have  their  Foci  between  I  and  M,  I M 
will  confequently  be  the  Image  of  the  Object 
OB,  per  Princip.  10  and  u. 

4.  From  the  Vertices  of  the  Lens  D  and  E 
draw  the  Lines  DO,  DB,  and  El,  EM,  and 
produce  the  incident  Ray  O  F,  till  it  meet  the 
Axis  in  d,  and  the  refraded  Ray  I  G,  till  it 
cuts  the  Axis  in  e ;  now  fince  Od  and  I  e  are 
both  in  the  fame  Plane,  and  parallel  to  each 
other,  from  the  Nature  of  Refradions,  the 
Angle  O  d  A  will  be  equal  to  the  Angle  lea; 
and  fince  the  Points  d  and  e  are  both  within 
and  near  the  middle  of  the  Lens,  it  is  evident 
that  if  the  Thicknefs  of  the  Lens  be  very 
fmall  or  negleded,  the  Angle  O  d  A  will  be¬ 
come  equal  to  ODA,  and  lea  equal  to  I  Ea ; 
and  confequently  the  Angle  ODA  will  be 
equal  to  the  Angle  I  Ea.  In  like  Manner  it 
is  fhewn  the  Angle  B  D  A  =  M  E  a.  And 
therefore  the  whole  Angle  O  D  B  =  M  E  I. 
From  whence  it  follows,  I "hat  the  Image  I  M 
appears  from  the  Vertex  of  Fmerfion  E,  under 
an  Angle  equal  to  that  under  which  the  Objedl 
appears  from  the  Vertex  of  Incidence  D. 

5.  If  the  Objed  O  B  be  very  fmall,  or  at  a 
great  Diftance,  fo  that  the  Points  O,  A,  B, 
are  nearly  at  an  equal  Diftance  from  the  Ver¬ 
tex  D  ;  then  will  their  correfpondent  Points 
I,  a,  M,  be  very  nearly  in  the  fame  Plane  5 
and  the  Image  I  M  parallel  to  the  Objedl  O  B, 
and  perpendicular  to  the  Axis  A  a. 


6.  In 


1 
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6.  In  this  Cafe,  the  Triangles  OD  A  and 
I  E  a  are  fimilar ;  for  they  are  equiangular, 
iince  the  Angle  D  =  E,  and  A  =  a,  as  be¬ 
ing  both  right  ones,  and  therefore  0  =  1; 
and  confequently  DA:Ea:AO:Ia;  for 
the  fame  Reafon  DA  :  E  a  : :  A  B  :  a  M.  But 
DA:Ea:tOA4-AB:Ia^aMt:  OB  : 
I M.  That  is,  The  Dijlance  of  the  Objeffi  is 
to  the  Dijlance  of  the  Image ,  as  the  Length  of 
the  ObjeB  to  the  Length  of  the  Image. 

J.  Alfo  AO  i  A  B  :  :  I  a  t  a  M  ;  that  is,  The 
Object  and  it's  Image  are  divided  proportionally 
by  the  Axis  of  the  Lens  A  a. 

8.  Call  the  Objedt  O,  it’s  Image  I ;  the 
Diftance  of  the  Objedt  and  it's  Image,  d  and/, 
as  before  ;  then  will  it  be  O  :  I  :  :  d  :f  and 
Id 

:  1  therefore  —  =  f  But  for  the  Cafe  of  a 

double  and  equally  convex  Lens,  whofe  Thick- 
nefs  is  inconsiderable,  we  before  found  f 
dr  .  _  .  I  d 


■  + 


d- 

5  's- 

—  r 

d  r 

dB —  r 

• 

is. 

id  — 

O 


;  and  foIdd~-Idr  =  drO,  that 


and  confequently 


rOj  and  Id 
rl  +  Or 


ssr:  r  I  — {-  Or; 
d.  Theor. 


9.  If  the  Object  be  a  Surfacey  the  Image 
will  be  fo  too  ;  and  their  Proportion  duplicate 
of  the  former ;  that  is,  0:1:;  d2 : /2;  and 

F  hence. 


I 
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hence  =  f  —  ~~~  ;  and  fquaring 

O  d  —  r 

I  d 2  d 2  rz  *  | 

each  Side,  we  have -  =  7=  2,  which  re- 

O  d  —  r 


folved  is,  I  x  d  ~  r  •—  O  x  r 2  •  hence  d  —  r 

O  O  - * 

—  y  x  r7,  y  put  y  =  then  d —  r  == 

j^r2,  and  d  —  r  —  \/J7* and  laftly,  d  = 
Vp  r-  -f*  r.  -  Theor.  2. 

10.  If  the  Objedt  be  a  the  Image 

will  be  fo  ;  and  then  it  will  in  like  Manner 
appear  (the  Proportion  being  triplicate  of  the 

3 _ _ 

firft,  viz.  O  :  I  :  :  d3  :  f>)  that  d  =  \l  pri 
*-fr.  Theor.  3. 

11.  Thefe  three  Theorems  find  the  Di- 
ftance  d,  at  which  an  Objedt  (whether  Line , 
Surface ,  or  Solid)  muft  be  placed  that  it  may 
bear  the  fame  Proportion  to  it’s  Image,  as  O 
does  to  I,  in  Cafe  we  ufe  a  double  and  equally 
convex  Lens . 

12.  But  the  fame  thing  is  found  for  any 
other  Lens,  as  I  fhall  fhew  for  a  Plano-Con-  *• 
vex.  Double  and  Piano-Concaves,  as  follows. 

33.  In  Chap.  I.  Theor.  22.  For  a  Plano- - 

2  dr  Id, 

Convex  we  had  - - =  f  Therefore  — 

d —  zr  J  O 

,  =2  dr" 


1 
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2  d  V 

\  and  confequently  Id  —  2  I r 


d< — 2  r 

2  r  O,  and  Id  =  2rO-{~2lr$  and  hence 

2rO~j-2lr  ,  '  t 

- — -  =  da  Theor.  4. 


14.  If  the  Objeft  be  a  Superficies,  then 

Id2,  4 d*  rz  _ _ 

=  ==2,  and  I  x  d~2r ~  4r2xO$ 
O  d  —  2  r 

O 


that  is,  d—  2  r 


4^2  x  —  =  Acr% 


wherefore  d  —  2  r  =  V  4  ;  and  d  —  2  f 

H -  V  4rrZp.  Theor.  5. 

1 5.  In  the  fame  Manner,  for  Solids  3  we  fhall 

3 _ 

have  d  =  27*  -j^  V  Theor.  6. 

1  16.  For  a  double  and  equally  concave  Lens, 

d  r 

the  Theorem  was - - - =  f.  See  Theor, 

—  d  —  r 

37.  And  fince  in  this  Cafe  O  :  I : :  d  :  — f% 

Id  dr 

—  j  =  - ; - and 


we  fhall  have 


O  J  —  d  —  r 

foId-j-Ir  =  rO}  and  therefore  Id  —  Or 

Or  —  r  I 

r  I;  and  confequently  d  =  - - — — , 


Theor.  7, 


F  2 


jy.  Fo| 
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v  \  *  : 

‘  17.  For  a  Superficies  it  will  be  d  =  yfFfi 
— -  r.  Theor.  8.  ,  ,  I 

ml  I 

3 _ 

18.  And  for  a  Solid,  d  =  J pr*  —  r.\ 
Theor.  9. 

19.  In  Cafe  of  a  Plano-Concave ,  it  will  be:- 

I  d  — -  2  d  V 

alfo  — -  =/  =  — - ,  (per  Theor.  43.) 

—  O  d  -j-  2  r 

and  therefore  Id 2lr  =  2rOj  and  hence:* 
zrO — 2  r  I 

d  =  - - j— - •  Theor.  io. 

20.  For  a  Superficies,  d  =  V  4  p  —  2h  I 
Theor.  u. 

3 _ 

21.  For  a  Solid,  d  ==  V8np  —  2 r, 
Theor.  12. 


22.  In  a  MenifcuSy  whofe  Radii  of  Con¬ 
vexity  and  Concavity  are  unequal,  and  the: 
convex  Side  expofed  to  the  Radiant  $  we: 


have 


Id  —  2  dr  r 

—  1  ■  ■■■  .1  ^ 

O  dr  —  dr  -\-2r  r 


j  \ 

(per  Theor.  54.) 


whence  we  find  d  = 


2rrO-f  2  r  r  I 

r  I  r  I 


.  Theor; 


%  1 


23.  If: 
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23.  If  the  concave  Side  be  expofed  to  the 

2  rrO  -j-  2  rrl 


Radiant,  we  have  d  = 

!  S 

I*.-'  ' 

Theor.  14. 


rl  —  r  I 


24.  If  the  Radius  of  Convexity  be  equal  to 
that  of  the  Concavity,  we  fhall  have  (per 

Id 

Theor.  57  and  66.)  —  =  d  5  fo  that  I  d  = 

Od,  that  is,  1  =  0.  Theor.  15.  Which 
fhews,  that  in  this  Cafe  a  Menifcus  Lens  can 
neither  magnify  nor  diminiffi  an  Object. 

t 

25.  In  all  the  foregoing  Theorems. we  had 
!  Regard  only  to  affirmative  Focus  s  5  but  they 

may  be  as  eafily  adapted  to  negative  ones ,  if  it 
be  required  to  have  the  Image  on  the  fame 
ij  Side  with  the  Objeft.  Thus  for  a  double 
j  equally  convex  Lens ,  for  an  affirmative  Focus, 

dr 

the  Theorem  is  — — *  =  f  ;  but  for  a  ne- 


</■ 


gative  Focus,  it  will  be 


r 


f  $  alfo  it 


will  be  O  :  I :  :  d  :  —  /$  and  therefore 
5  from  whence  we  have  d  =  - - 


Id 

O 

Or 


r — d 
Theor.  16. 


Fj 
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26  In  this  Manner  Theorems  are  raifed 

for  other  Glades,  where  it  is  to  be  obferved, 
that  the  Terms  of  the  Equations  are  the  fame 
as  for  affirmative  Focus's,  the  Signs  only  are 
changed  :  But  this  is  a  Matter  not  worth  in¬ 
filling  on*  being  of  little  Ufe. 

27.  If  it  be  required  to  form  an  Image 
equal  to  the  Object,  we  {hall  have  O  —  I ; 
and  the  Diftance  required  will  be  for  the 
feveral  Lenfes,  as  follows. 


28,  For  a  double  and  equally  convex:: 


Ir-j-Or  2  I  r 

Lens,  we  have - - - =  -3—  —  2  r  =  d. 


I 


Theor.  17. 


29.  For  a  Plano-Convex , 

4 1  r 


2  r  O  2 1  r 


i: 


I 


4  r  ==  d.  Theor.  18. 


30.  For  a  double  and  equally  concave  Lens, 

Or  —  I  r  o 

—  =  =  d.  Theor.  19. 


we  have 


I  1  I 

And  lince  in  this  Cafe  the  Focus  is  always! 
negative,  it  is  evident  the  Image  can  never  be 
equal  to  the  Objedt  at  any  Dillance  from  the 
Lens,  much  lefs  can  it  ever  exceed  it;  and: 

therefore: 
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1 1  therefore  fuch  a  Lens  can  only  diminifh,  never 
,  (  magnify  an  Objedt 

13 1.  The  fame  thing  is  true,  and  for  the 
fame  Reafon,  in  a  Plano-Concave,  as  will  appear 
from  Theor.  10  hereof  $  and  alfo  in  a  Me- 
u  nifcus  from  Theor.  13  and  14. 


32.  If  the  Diftance  d  of  the  Objedr,  and 
the  Proportion  of  O  to  I  be  given,  the  Radius 
r  of  double  and  equally  convex  and  concave 
Lenfes,  in  this  Cafe  neceflary,  is  found  from 
the  Equation  in  Art.  8,  viz.  Id  =  Ir~j-Or£ 


and  therefore  for  a  double  Convex 
Theor.  20. 


Id 

— — nr:  r 

1  +  0 


33.  For  a  Plano-Convex,  the  Equation  is 

,  --  Id 

Id  =  2 r  O  4-  2  I  r,  and  therefore - - — - 

1  J  aO-j-aX 

=  r.  Theor.  21. 


34.  For  a  double  and  equally  concave  Lens, 
the  Equation  being  Id  =  O  r  — I  r-,  we 
I  d' 

have -  =  r,  Theor.  22. 

O  — I 


w  _ 

35.  For  a  Plano-Concave,  the  Equation  is 

.  Id 

Id  —  2  r  O 2  I r ,  and  fo - -  =  r . 

2  O  —  2  I 

Theor.  23. 

F  4  36.  If 
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36.  If  the  Diftance  d  of  the  Objeft,  and 
the  Radius  r  of  the  Convexity  or  Concavity 
of  the  Lens  be  given  5  the  Proportion  of  the 
Objeft  to  the  Image,  viz.  0:1,  is  eafily 
found  as  follows. 

t 

37.  For  a  double  and  equally  convex  Lens, 
the  Equation  is  Id  —  Ir  =  Or;  whence 
this  Analogy,  d  —  r  :  r  :  ;  0:1.  Theor.  24. 

38.  For  a  Plano-Convex  it  will  be  Id  — 
2  1  r  =  2  r  O  j  and  fo  d  —  2  r  :  2  r  :  :  O :  I. 
Theor.  25. 

39.  For  a  double  and  equally  concave  Lens, 
the  Equation  isId-}-Ir  =  Or>  and  there¬ 
fore  d-j-r  :  r  :  :  O  :  I.  Theor.  2d. 


40.  For  a  Plano-Concave  it  is  d-j-2r: 

2  r  : :  0:1.  Theor.  27.  -  I 

41.  For  a  Plain  Lens ,  or  Glafs,  we  have 

Id 

—  =  d  -J-  f  t,  per  Theor.  69 ;  and  therefore 

Id  =  dO  ^Ot,  and  confequently  0:1:: 
d  :  d\  f  t.  Theor.  28, 


42.  It  is  in  vain  to  raife  Theorems  for  M<- 
nifcuSy  and  other  Sorts  of  Lens,  or  for  any 

other 


\ 

V 


/ 
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I  other  Matter  befides  Glafs ;  for  this  would  be 
to  launch  out  into  a  boundlefs  Ocean,  that 
would  afford  more  of  Curiofity  and  Specula¬ 
tion  than  real  Ufe  3  which  fhall  be  a  Talk 
therefore  left  for  the  young  Optician’s  own 
Amufement,  whilft  I  go  on  to  reduce  the 
foregoing  Theorems  to  plain  and  practical 
Rules. 


CHAP. 

- 


✓ 
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CHAP.  III. 

The  Theorems  relating  to  Globes  and 
Hemispheres  reduced  to  prac v 
tical  Rules ,  and  exemplified . 

I.  A  S  in  the  firft  Part,  fo  here  I  fhall 
fjL  make  ufe  of  the  tenths  of  an  Inch, 
for  the  Meafurements  to  be  made  in  the  en- 
faing  Examples.  And  firft,  for 

A  Globe. 

2.  Case  I.  For  Diverging  Rays,  Plate  XIV. 
Scheme  i.  Let  there  be  given  the  Diftance 
of  the  Radiant  D  E,  and  the  Radius  of  the 
Globe  CE,  to  find  the  Diftance  of  the  Fo¬ 
cus  IF. 

RULE. 

Multiply  the  Diftance  of  the  Radiant  by 
the  Radius,  and  to  that  Product  add  four 
times  the  Square  of  the  Radius  >  divide  that 
Sum  by  the  Difference  between  twice  the 
Diftance  of  tl^e  Radiant,  and  the  Radius,  the 
Quotient  will  be  the  Diftance  of  the  Focus, 
per  Theor.  i.  Art.  20.  Chap.  I. 

3.  E  X- 


V 


\ 
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3.  EXAMPLE. 


Let  DE  =  30  CE  =  10 
CE  =  10  CE  tz  10 
—  Squ.  100 

Produdt  300  4 

Add  400  400 


2  DE  =  60 
CE  =  io 


DifF.  50 


Then  50)700(14  = 
5° 

200 

200 


I F,  the  focal  De¬ 
fiance  required,  viz* 
one  Inch,  and  four 
Tenths. 


4.  «  As  2  D  E  is  greater,  equal  to,  or  lefs 
than  CE;  the  Focus  F  will  be  affirmative* 
or  behind  the  Globe,  infinite,  or  negative,  or 
before  the  Globe. 

5.  Case  II.  Of  Parallel  Rays ,  Scheme  2 . 
A  Glafs  Globe  expo-fed  to  Parallel  Rays,  will 
collect  and  converge  them  to  a  Point  F,  which 
will  be  juft  half  the  Radius  of  the  Globe  C I 
behind  it,  by  Theor.  2.  Such  a  Globe  there¬ 
fore,  held  in  the  Sun  s  Rays,  will  burn  very 
intenfely,  if  large. 

6.  Case  III.  Of  Converging  Rays.  The 
Focus  F  is  found  here  by  the  fame  Rule  as 
in  Case  I ;  only  the  Sum  and  Difference  there 

muft 
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there  muft  be  exchanged  for  the  Difference  and 
the  Sum  here.  And  according  as  the  Produft 
of  the  Diftance  of  the  Radiant  Point,  into  the 
Radius  C  E,  is  greater,  equal  to,  or  1  els  than 
4  times  the  Square  of  the  Radius,  the  Focus 
will  be  affirmative,  within  the  Globe,  or  ne¬ 
gative,  per  Theor.  3. 

For  an  Hemisphere. 

*-*’«-*  *>;  **  t  '  *  1 

-  '  '  '  '  '  N 

7.  C  A  s  e  I.  Of  Diverging  Ray%  If  the 
Convex  Part  be  towards  the  Radiant,  the  Fo¬ 
cus  will  be  found  by  this 

RULE. 

r  ’  s  -•  .  -  \ 

To  the  Produft  of  the  Diftance  of  the  Ra¬ 
diant  into  the  Radius,  add  the  Square  of  Ra¬ 
dius,  multiply  that  Sum  by  4 :  This  divide 
by  the  Difference  between  3  Times  the  Di¬ 
ftance,  and  6  Times  the  Radius,  the  Quo¬ 
tient  will  give  the  Diftance  of  the  Focus, 
per  Theor.  4. 

8.  But  if  the  Plain  Side  of  the  Hemifphere 
be  turn'd  towards  the  Objedt  the  Radiant, 
the  Rule  will  be  fomewhat  alter’d ;  thus. 


# 


RULE. 


The  Theory  ^Dioptrics.  93 


RULE. 

1 

To  6  times  the  Produdt  of  the  Diftance 
into  the  Radius,  add  4  times  the  Square  of 
Radius;  divide  that  Sum  by  the  Difference 
between  3  Times  the  Diftance,  and  4  Times 
the  Radius ;  the  Quotient  is  the  Diftance  of 
the  Focus  required,  per  Theor.  7. 


9,  EXAMPLE 
For  the  Convex  Side  towards  the  Radiant* 


Let  the  Di-  7 
ftance  be  —  J 
The  Radius 


3° 

10 


3  Times  the  Di-  7 
ftance  is  —  J  9^ 
6  Times  the  Ra- 


Produd  300 
Add  the  Squ.  7 
of  Radius  J 


dius  is 


-1 


60 


100 


Difference  30 


Sum  400 
Multiply  by  4 


Divide  by  30)  1600  (53 

1 5° 

100 

90 

10 


the  Diftance  of 
the  Focus,  viz» 
Inches. 


AO 


10.  E  X- 


) 
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io.  EXAMPLE 
Of  the  Plain  Side  towards  the  Radiant 


Let  the  Di-  7 

fiance  be  J  ^ 
The  Radius  *-*  io 

Produdl  300 
Multiply  by  6 


3  Times  the  Di-  \ 

fiance - -  J  9° 

4  Times  the  7 

Radius - j  4° 

-  Difference  50 


Produdl  1 800 
Add  4  times  7 
the  Sq.  of  R.  J 

Divide  by  50)2200  (44 


200 

200 
200 


:  the  Diflance  of 
the  Focus,  viz* 
4  To  Inches, 


11.  In  this  near  Situation  of  the  Radiant, 
the  convex  Side,  expofed  to  it,  gives  the 
greateft  focal  Diflance,  as  we  fee  by  the  Ex¬ 
amples;  but  if  the  Radiant  be  above  50,  or 
5  Inches  diflant  from  the  fame  Hemifphere, 
then  the  convex  Side  will  give  the  fhorteft 
focal  Diflance,  as  is  eafy  to  try. 

12.  Case  II.  Of  Parallel  Rays,  Scheme  3. 
If  the  Plam  Side  be  turn’d  to  the  Rays  of 
the  Sun ;  they  will  be  collected  at  F,  at  the 

Diflance 


\ 


■ 
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Diftance  IF,  which  will  be  juft  2IC,  that  is, 
twice  the  Radius  of  the  Hemifphere,  per 
Theor.  8.  But  if  the  convex  Side  be  towards 
the  Sun,  the  Diftance  I  F  will  be  but  i  j  of 
IC;  that  is,  the  focal  Diftance  in  the  latter 
Cafe  will  be  f  of  I C,  or  the  Radius,  fhorter 
than  in  the  former,  per  Theor.  5, 

13.  Therefore  the  greateft  Effedl  of  burn - 
mg  by  an  Hemifphere,  is  with  the  convex 
Part  towards  the  Sun ;  and  alfo  the  greateft 
Effedt  of  magnifying  an  Objedt  feen  through 

it,  is  with  the  lame  Part  towards  the  Objedt. 

|  ^  f 

14.  Case  III.  Of  Converging  Rays .  The 
Rule  for  finding  the  Focus  here,  is  the  fame 
as  for  Diverging  Rays ,  if  for  the  Sum  and 

\  Difference  there,  we  take  the  Difference  and 
the  Sum  of  the  fame  Quantities  here,  as  was 
1  before  obferved  of  the  Globe  in  the  fame 

Cafe, 

;  .* 
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CHAP.  IV. 

*The  Rules  for  finding  the  Focus  ofi  a  i 

Double  Convex  Lens. 

v-  ?  k  fc  ,  ,  (  . 

i.TF  the  Lens  be  unequally  Convex ,  and  the 
J[  Thicknefs  not  regarded,  then  if  the 
Radius  of  each  Surface  be  known,  and  the 
Diftance  of  the  Radiant  from  the  Lens,  the 
Diftance  of  the  Focus  will  be  found  for 

2.  Case  L  Of  Diverging  Rays>  by  the 
following 

RULE. 

Multiply  twice  the  Product  of  the  Radii 
into  each  other  by  the  Diftance  of  the  Ra¬ 
diant,  this  fhall  be  the  Dividend .  Then  take 
the  Difference  between  the  Product  of  the 
Sum  of  the  Radii,  multiplied  by  the  Diftance, 
and  twice  the  Produdt  of  the  Radii  into  each 
other  j  by  this  divide  the  Dividend  above,  the 
Quotient  will  be  the  Diftance  of  the  Focus 
required,  per  Theor.  13. 

Z  Z . )  3.  EX- 

Vl  ' 
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3.  EXAMPLE. 


Let  the  longeft  Radius  be  50,  and  the 
Ihorteft  30;  and  the  Diftance  of  the^  Radiant 
300:  Then  <r; 

Longeft  Radius  ~  *—  50 

Shorteft  —  —  —  —  so 

_ •  .  —  •  - 

Produdl  —  —  •—  —  1500  3f*  # 

Multiply  by  ™  ~  “  2 

Twice  Product  —  —  3000 tLY%%j9^x\^  * 
Diftance  — •  —  —  300 


21000)  900000  (42.8 
84000 

60000 

42000 

180000 

168000 

12000 


Longeft  Radius  50 

Shorteft  •— 

—  3° 

Sum  —  — 

—  80 

1  Diftance  ~ 

* 

—  3°° 

Product  — 

24000 

Subdudt  •— 

—  3000,  twice  Prod,  of  Radii* 

Difference  - 

-  21000  Divifor. 

Thus  the  focal  Diftance  will  be  42 


4® 


G  A  S  B 
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4.  Case  II.  Of  Parallel  Rays.  The  Fo¬ 
cus  of  thefe  is  found  thus. 

:  RULE. 

;  X 

Divide  twice  the  Product  of  the  unequal 
Radii  into  each  other,  by  the  Sum  of  the  Ra¬ 
dii,  the  Quotient  will  be  the  focal  Diftance 
required,  per  Theor.  14. 


t 

5.  EXAMPLE. 

Let  the  Radii  be  the  fame  as  before  ; 

V 


Then  the  Longeft  Rad.  50 - 50 

The  Shorteft  — - -  —  30 - —30 

Product  - —  - — •  —  1 500  80  Sum 

2 


80)  3000  (375  =  the  focal 
240  Diftance  re¬ 
quired,  viz. 

37 


600 

56° 


i* 


400 

400 


6.-  Case  III.  Of  Converging  Rays .  The 
Focus  of  thefe  is  found  by  the  Rule  of  the  firfti 

Cafe; 
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!  Cafe,  if  inftead  of  the  Difference  we  take  the 
\  Sum  of  thofe  Quantities  mentioned  in  the 
(  Divifor,  per  Theor.  15. 

7.  If  the  Lens  be  equally  Convex,  as  ars 
r  moil  of  thofe  in  common  Ufe,  and  the  Thick- 
ji  nefs  negleded  as  inconiiderable,  and  caufing 

no  material  Error,  then  will  the  Focus  of  this 
r  mo  ft  ufeful  Lens  be  moft  eafily  found  by  this 
i  fhort  and  plain  Rule,  for 

8.  Case  I.  Of  Diverging  Rays ,  Plate  XV. 

;  Scheme  1. 

RULE. 

Multiply  the  Diftance  of  the  Radiant  by 
i  ithe  Radius  of  the  Lens,  divide  that  Product 
1  by  the  Difference  between  the  faid  Diftance 
l  and  Radius,  the  Quotient  is  the  focal  Diftance 
I  required,  per  Theor.  16. 

9.  E  X  A  M  P  L  E. 

I  Let  the  Diftance  D  E  =  40  —  —  40 
I  The  Radius  —  CE  =  15  — ■-—15 

The  Product  — -  - — —  600  25  Diff. 

Then  25)  600  (24  =  F  E,  the  focal  DL 

50  ftance  fought,  viz* 

- - -  2  —  Inches. 

100 

100 


G  2  to*  And 
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10.  And  here  it  is  to  be  obferved,  that 
according  as  the  Diftance  of  the  Radiant  DE 
is  greater ,  equal  to,  or  lefs  than  the  Radius 
C  E,  fo  the  Focus  F  will  be  affirmative,  in¬ 
finite,  or  negative .  • 

11.  Case  II.  Of  Parallel  Rays,  Scheme  2. 
In  this  Cafe  the  Focus  F  will  be  coincident 
with  the  Center  C ;  that  is,  the  Rays  of  the 
Sun  will  be  colle&ed  into  a  Point  F,  whofe 
Diftance  F  E,  from  the  Lens,  will  be  equal  to 
the  Radius  CE,  per  Theor.  17. 

12.  Hence  a  Convex  Lens  becomes  a  Burn¬ 
ing  Glafs,  whofe  Power  is  greater  or  lefs,  as 
it’s  Surface  is  larger  or  fmaller,  if  the  focal 
Diftance  be  the  fame 5  or  as  the  faid  Diftance 
is  lefter  or  greater,  if  the  Quantity  of  Surface 
be  the  fame. 

13.  For  if  the  Lenfes  be  of  different  Big- 
nels,  and  of  the  fame  focal  Length,  their 
Power  of  burning  will  be  as  the  Squares  of 
their  Diameters  diredly,  for  it  will  be  as  the 
Quantity  of  Rays  falling  on  their  Surfaces  di- 
redly ;  thus  if  the  Diameter  of  one  Lens  be 
1  Inch,  and  of  the  other  4;  the  latter  will 
burn  16  times  more  intenfely  than  the  former. 

14.  Again,  if  the  Diameters  or  Surfaces  of 
two  Lenfes  be  the  fame,  the  Power  of  burn¬ 
ing  will  be  reciprocally,  as  the  Surfaces  of  the :: 
burning  Spots ,  which  are  the  Images  of  the 
Sun,  and  thefe  are  as  the  Squares  of  their 
Diameters ;  but  fince  thefe  Diameters  are  as  i- 

the 
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the  Diftances  from  the  Glafles,  the  Power  of 
burning  will  be  reciprocally,  as  the  Squares 
of  the  focal  Dfiances .  Thus  (iippofe  two 
Lenfes  of  equal  Diameters,  and  the  focal  Di- 
ftance  of  one  be  i  Inch,  but  that  of  the 
other  4;  the  Power  of  burning,  in  the  for¬ 
mer,  will  be  1 6  times  greater  than  in  the 
latter. 

15.  The  abfolute  Power  of  burning,  in 
thefe  Lenfes,  is  as  the  Number  of  Times  the 
burning  Spot  is  contained  in  the  Surface  of 
the  Lens,  or  as  the  Square  of  the  Diameter  of 
the  Spot  is  contained  in  the  Square  of  the  Dia¬ 
meter  of  the  Lens.  Thus  fuppofe  I  have  a 
Lens  4  Inches  in  Diameter,  and  the  burning 
Spot  made  thereby  I  meafure  and  find  to  be 
one  Tenth,  viz.  ~  of  an  Inch.  Then  in 
4  Inches  there  being  40  Tenths  of  an  Inch, 
the  Diameter  of  the  Lens  to  that  of  the  Spot 
will  be  as  40  to  1  ;  and  the  Squares  of  thefe 
Diameters  will  be  as  1600  to  1  that  is,  the 
Spot  is  one  Lhoufand  fix  hundred  Limes  leis 
than  the  Surface  of  the  Lens  ;  and  the  Heat 
of  the  Sun’s  Rays  will  confequently  be  aug¬ 
mented  in  the  fame  Proportion,  which  there¬ 
fore  will  burn  very  ftrongly. 

16.  Note,  if  the  Thicknefs  of  the  Lens  be 
at  any  Time  confidered,  the  focal  Difiance 
will  be  very  nearly  one  fixth  Part  of  the  faid 
Thicknefs  lefs  than  the  Radius,  as  appears 
from  the  Theory, 
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17.  Case  III.  Of  Converging  Rays,  Scheme 
3.  The  Rule  for  finding  the  Focus  of  thefe 
Rays  is  as  follows. 

RULE. 

Multiply  the  Diftance  of  the  Radiant  by 
the  Radius,  divide  that  Product  by  the  Sum 
of  the  faid  Difiance  and  Radius  *,  the  Quo¬ 
tient  will  be  the  Diftance  of  the  Focus  re^ 
quired,  per  Theor.  18. 

18.  EXAMPLE. 

Let  the  Diftance  dl  =  30 - 30 

The  Radius  —  CE  —  15- —  ■ —  15 

The  Produd  —  —  450  45  Sum 

Then  45)4^0(10  =  F  I,  the  Diftance 

45  of  the  Focus  requir- 

-  ed,  viz.  1  Inch. 

•  o 

19.  The  Focus  will  in  this  Cafe  be  always 
affirmative,  and  it’s  Diftance  lefs  than  the  Ra¬ 
dius.  As  the  double  and  equally  Convex 
Lens  is  the  moft  common  and  ufeful,  fo  all 
it’s  Cafes  are  of  the  laft  Importance  for  a  due 
Underftanding  of  the  Nature,  Conftrudion, 
and  Effeds,  of  all  Dioptric  Machines,  as  will 
be  (hewn  in  the  third  Part. 


CHAP. 


^lxxcCca.7tt\Ti  &cn.tvfc. 
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CHAP.  V. 

1  The  Rules  for  finding  the  Focus  of  a 
Plano-Convex  Lens. 


I 


F  the  Thicknefs  of  a  Plano-Convex  Lem 
be  confidered,  and  it  be  expofed  on  it’s 
convex  Side  to  Parallel  Rays,  as  thofe  of  the 
Sun,  the  Focus  will  be  at  the  Diftance  of 
twice  the  Radius ,  wanting  j  ( two  'Thirds)  of  the 
\ Thicknefs  of  the  Lens ,  per  Theor.  20. 

2,  But  if  the  fame  Lens  be  expofed  with  ' 
it’s  plane  Side  to  Parallel  Rays,  the  Focus  will 
then  be  precifely  at  the  Difiance  of  twice  the 
Radius  from  the  Glafs ,  per  Theor.  26. 

3.  If  the  Thicknefs  of  the  Lens  be  neg¬ 
lected,  the  Rules  for  the  Focus  are  the  fame 
for  either  of  the  two  Sides  towards  the  Ra¬ 
diant,  as  appears  from  the  Theorems  relating 
to  thefe  Cafes. 


4.  Case  I.  Of  Diverging  Rays ,  Plate  XVI. 
Scheme  1.  In  this  Cafe  the  Rule  for  finding 
the  Focus  is  as  follows,  viz. 

G  4  R  U  L  E, 

IfL*  .;j 
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ii.  The  Focus  of  Converging  Rays  will  al¬ 
ways  be  affirmative^  or  behind  the  Glais,  and 
lefs  than  twice  the  Radius  or  Diameter  of  the 
Sphere.  This  Cafe  of  Converging  Rays  is  of 
great  life  in  the  Conftru&ion  of  Microfcopes, 
or  any  Machine  where  a  Compofition  of  Lenfes 
is  neceffary,  as  will  b&fhewn  in  the  third  Fart 
of  this  Treatife. 


CHAR 
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CHAP,  VI. 

Fhe  Rules  for  finding  the  virtual  Focus 
of  Double  Concave  Lenses, 

i.TF  the  Lens  be  unequally  Concave,  and 
|[  the  Thicknefs  thereof  negleded,  (which 
is  much  more  inconfiderable  in  thefe  than  in 
the  Convex  Lenfes)  then  the  Rule  for  finding 
the  Focus  for 

2.  Case  L  Of  Diverging  Rayss  is  as 
follows* 


RULE. 

Multiply  twice  the  Produd  of  the  Radii 
by  the  Diftance  of  the  Radiant;  divide  that 
Produd  by  the  Sum  of  the  Radii  multiplied 
by  the  Diftance^  and  twice  the  Produd  of 
the  Radii,  the  Quotient  will  be  the  Diftance 
of  the  Focus,  per  The  or,  34* 


3»  EX- 
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ii.  The  Focus  of  Converging  Rays  will  al¬ 
ways  be  affirmative,  or  behind  the  Glafs,  and 
lefs  than  twice  the  Radius  or  Diameter  of  the 
Sphere.  This  Cafe  of  Converging  Rays  is  of 
great  Ufe  in  the  Conftrudion  of  Micro fcopes, 
or  any  Machine  where  a  Compofition  of  Lenfes 
is  neceflary,  as  will  be-fhewn  in  the  third  Part 
of  this  Treatife. 


CHAP. 
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CHAP,  VI, 

The  Rules  for  finding  the  virtual  Focus 
of  Double  Concave  Lenses* 

i,|F  the  Lens  be  unequally  Concave,  and 
j  the  Thicknefs  thereof  negledted,  (which 
is  much  more  inconfiderable  in  thefe  than  in 
the  Convex  Lenfes)  then  the  Rule  for  finding 
the  Focus  for 

2.  Case  I.  Of  Diverging  Rays ,  is  as 
follows. 


RULE. 

Multiply  twice  the  Product  of  the  Radii 
by  the  Diftance  of  the  Radiant;  divide  that 
Product  by  the  Sum  of  the  Radii  multiplied 
by  the  Diftance,  and  twice  the  Product  of 
the  Radii,  the  Quotient  will  be  the  Diftance 
of  the  Focus,  per  Theor.  34, 
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/ 

3.  EXAMPLE. 

Suppofe  the  longeft  Radius  be  50,  the  fhortefl 
30,  and  the  Diftance  of  the  Radiant  300. 


Longeft  Radius  - 

-  ■  —  5° 

Shorteft  —  —  - 

—  —  3° 

Produdl  —  — 

—  1 500 

Multiply  by  — 

•—  5 —  2 

3000 

Diftance  —  — 

—  3°° 

27000)  900000  (33.3 
81000 

90000 
8 1000 

90000 

81000 

9000 

Longeft  Radius  50 
Shorteft  —  —  30 

Sum  —  — ■  80 

Diftance  « —  300 

Product  —  24000 

3000,  twice  Prod,  of  the  Radii. 

bum  — -  — •  27000  Divifor. 

Here  the  focal  Diftance  is  33—,  and  a  1- 
ways  negative,  or  before  the  Lens. 


4.  Case 
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4.  Case  II.  Of  Parallel  Rays .  The  Role 
for  finding  the  Focus  here,  is  the  fame  as  for 
a  Double  unequally  Convex  Lens,  viz.  To 
divide  twice  the  Product  of  the  Radii  by  their 
Sum .  See  Chap.  IV.  Art.  4.  But  the  Focus 
here  is  always  negative ,  as  it  is  there  always 
affirmative .  And  confequently,  fince  the  Rule 
is  the  fame,  if  the  Radii  of  the  Concavities 

:  and  Convexities  are  refpe&ively  equal,  and  al- 
fo  the  Diftance  of  the  Radiant;  the  Diftance 
of  the  Focus  will  alfo  be  equal  from  either 
Lens. 

5.  Case  III.  Of  Converging  Rays .  The 
!  Rule  for  finding  the  Focus  here  is  the  very 

fame  as  for  Diverging  Raysy  in  Chap.  IV~9 
Art.  2.  Or  that  above  in  Art.  2.  if  inftead 
of  the  Sum  you  take  the  Difference  of  the 
'  Quantities  there  mentioned,  per .  Theor.  36. 

6.  If  the  Lens  be  double  and  equally  Con¬ 
cave,  and  the  Thicknefs  not  confiderable,  the 
Rule  for  finding  the  Focus  of  Diverging  Rays 

:|  is  as  follows. 

7.  Case  I.  Of  Diverging  Rays }  Plate  XVL 
i  Scheme  1. 


* 


R  U  L  E. 


Multiply  the  Diftance  of  the  Radiant  by 
the  Radius ;  divide  that  Product  by  the  Sum 


J 


Iio  The  Theory  ^/Dioptrics. 

Sam  of  the  faid  Diftance  and  Radius,  the 
Quotient  will  be  the  Diftance  of  the  virtual 
Focus,  always  negative,  per  Theor.  37. 

8.  EXAMPLE. 

\ 

Let  the  Diftance  D  E  =  40 - -40 

The  Radius  —  CE  =  10 — - — 10 

v  400  50  Sum 

Then  50)  400  (8  =  f  E,  the  focal  Diftance 

4°o 


9.  Case  II.  Of  Parallel  Rays,  Scheme  2* 
The  virtual  Focus  of  thefe  Rays  is  always  at 
the  Diftance  of  the  Radius  from  the  Lens,  as 
in  a  Double  and  equally  Convex  Lens,  per 
Theor.  38.  But  is  here  always  negative ,  as 
there  it  was  always  affirmative. 

10.  Case  III.  Of  Converging  Rays,  Scheme 
3.  The  Rule  for  finding  the  Focus  of  thefe 
Rays  is  exactly  the  fame  as  that  for  Diverging 
Rays  in  a  Double  Convex ,  Chap.  IV.  Art.  8. 
And  according  as  the  Diftance  of  the  Point  d, 
towards  which  they  tend,  viz .  d  I  is  greater , 
equal  to ,  or  left  than  the  Radius  Cl,  the  Fo¬ 
cus  will  be  virtual  and  negative ,  infinite ,  or 
real  and  affirmative ,  per  Theor.  39. 

11.  That  is,  if  Rays  converge  towards  a 
Point  d,  as  in  Scheme  3,  beyond  the  Center  C, 

they 


Ill 
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they  will  be  fo  refraded  at  the  Surface  G I  H, 
I  that  they  will  proceed  diverging  as  if  it  were 
from  the  Point  f,  which  is  their  virtual  Focus 
and  negative.  If  d  I  be  =  2  C  I,  then  will 
fE  be  =  2CE,  viz .  the  Diameter  of  the 
Sphere. 

12.  'If  Rays  fall  converging  on  the  Surface 
G  1  H,  tending  to  a  Point  f,  fas  in  Scheme  2) 
which  is  the  Center  of  the  Concavity,  they 
will  be  fo  refraded  at  the  Surface  A  E  B,  as 
to  proceed  parallel ,  whofe  Focus  will  there¬ 
fore  be  at  an  infinite  Diftance. 

13.  If  Rays  fall  on  the  Surface  GIH,  con¬ 
verging  towards  a  Point  f,  whofe  Diftance 
fE  is  lefs  than  the  Radius  CE,  they  will  be 
fo  refraded  at  the  Surface  AEB,  as  to  pro¬ 
ceed  converging  towards  a  Point  D,  which 

1  will  therefore  be  their  Focus,  real  and  affir- 
1  amative. 


wm.;\ 

* 

C  'H  A  P. 
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CHAP.  VII. 

1 

To  find  the  Focus  of  a  Plano-Con¬ 
cave  Lens, 

i.  T  F  a  Plano-Concave  Lens  be  expofed 

JL  with  it's  Concave  Side  to  Parallel  Rays , 
(viz.  Rays  of  the  Sun)  and  the  Thicknefs  of 
the  Lens  be  confidered,  the  virtual  Focus  will 
be  at  the  Diftance  of  twice  the  Radius ,  or 
Diameter  of  the  Sphere ,  leffened  by  f  of  the 
thicknefs  of  the  Lens,  per  Theor.  41. 

2.  The  fame  Lens  expofed  on  the  Plain 
Side  to  Parallel  Rays,  will  have  their  virtual 
Focus  at  juft  the  Diftance  of  twice  the  Ra¬ 
dius,  or  Diameter  of  the  whole  Concavity, 
per  Theor.  46. 

3.  If  the  Thicknefs  of  the  Lens  be  neg- 
le&ed,  as  it  always  may  in  this  Sort ;  then 
the  Rules  for  determining  the  Foci  of  all 
Sorts  of  Rays  are  the  fame,  let  them  fall  on 
which  Side  of  the  Lens  they  will,  as  is  evi¬ 
dent  from  the  Theory. 

4.  Case  I.  Of  Diverging  Rays,  Plate 

XVIII.  Scheme  1.  The  Rule  for  finding 
the  Focus  of  thefe  Rays  by  a  Plano-Concave 
is  this,  viz.  -  •« 

RULE. 
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y  - 

RULE. 

*  ' 

Multiply  twice  the  Radius  by  the  Diftance 
!  bf  the  Radiant,  divide  that  Product  by  the 
Sum  of  the  faid  Diftance,  and  twice  the  Ra¬ 
dius  ;  the  Quotient  is  the  focal  Diftance,  per 
Theor.  43. 

■F 

|  ■  *  5.  EXAMPLE. 

Let  the  Diftance  D  E  =  50 - 50 

Twice  the  Radius  CE  =  20 - 20 

I  \  '  s 

1000  70  Sum 

Then  70)  1000  (14  =  fC,  the  focal  Di- 
70  ftance  required, 

—  viz.  1 73  Inch. 

3°° 

,  2S0 


20 

6.  The  Focus  in  this  Cafe  is  always  virtual 
and  negative  ;  for  Rays  which  fall  diverging 
on  this  Lens  are  always  fo  refradted  as  to  pro¬ 
ceed  ftill  more  diverging. 

.  7.  Case  II.  Of  Parallel  Rays,  Scheme  2. 
The  Focus  of  thefe  Rays  will  be  at  juft  twice 
the  Length  of  the  Radius  from  the  Lens,  as 
reprefented  in  the  Scheme,  per  Theor.  44  or 
49,  That  is,  it  will  be  diftant  from  the  Lens 

H  the 
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the  Diameter  of  it’s  Concavity,  and  will  be  al¬ 
ways  virtual  and  negative.  So  that  it  is  im- 
poffible  any  concave  Lens  fhould  be  a  burning 
Glafs\  but  on  the  contrary,  the  Sun’s  Rays 
may,  by  thefe  Lenfes,  have  their  Light  and 
Heat  leffened  in  any  Proportion  whatfoever. 

i  • 

8.  Case  III.  Of  Converging  Rays,  Scheme 
3.  The  Rule  for  finding  the  Focus  of  thefe 
Rays  is  Word  for  Word  the  fame  with  that 
for  Case  I,  of  Diverging  Rays ,  in  a  Plano- 
Convex  Lens.  See  Chap.  V.  Art.  4.  This 
will  be  evident  by  comparing  Theor.  45  or  50, 
with  22  or  28. 

9.  Here  the  Focus  will  be  affirmative,  infi¬ 
nite,  or  negative,  according  as  twice  the  Ra¬ 
dius  is  greater,  equal  to,  or  lefs  than  the  Di- 
ftance  of  the  Radiant.  In  this  Scheme,  the 
Diftance  d  E  is  equal  to  the  Radius  CE; 
therefore  the  focal  Diftance  F  E  is  equal  to 
twice  the  Radius  C  E. 

10.  It  is  eafy  by  this  time  for  the  Reader 
to  obferve,  that  the  fame  Rule  which  finds  i 
the  Focus  of  Diverging  Rays  in  a  Convex' 
Lens,  finds  the  Focus  of  Converging  Rays  ini 
a  Concave  one ;  and  alfo  that  the  Rules  for 
finding  the  Foci  of  Diverging  and  Converging  | 
Rays,  in  any  Lens,  differ  only  in  the  Sum  of; 
Difference  of  the  Quantities  in  the  Divifor. 

ir.  The  principal  Ufe  of  thefe  concave: 
Lenfes  is  in  that  Sort  of  Tclefcopes,  which  we: 

call 
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i  call  Perfpettfae-Glafs,  concerning  which  I 
1 1  ftiall  treat  largely  in  the  next  Part. 

12.  It  often  happens  that  we  have  a  con- 
n  cave  Lens,  and  know  neither  the  Radius  or 
Focus;  to  know  the  focal  Diftance  therefore 
in  fuch  a  Cafe,  proceed  thus:  Take  a  Piece  of 
Paftboard,  &c.  and  cut  in  it  a  rouud  Hole ; 
and  on  another  Piece  of  Paftboard,  ftrike  a 
Circle,  whofe  Diameter  is  juft  double  the  Dia¬ 
meter  of  the  faid  Hole ;  then  apply  the  Piece 
with  the  Hole  in  it  to  the  Lens,  and  hold 
them  in  the  Sun-Beams,  with  the  other  Piece 
at  fuch  Diftance  behind,  that  the  Light  com- 
;  ing  through  the  Hole  may  fpread  or  diverge, 
fo  as  to  fill  the  Circle  drawn  there  precifely  ; 
then  is  that  Diftance  equal  to  the  virtual  Fo¬ 
cus  of  the  Lens ;  and  alfo  to  the  Radius,  if  a 
double  Concave ;  or  twice  the  Radius  if  a 
Plano-Concave.  Let  GH  =  Diameter  of  the 
Hole,  LM  =  that  of  the  Circle ;  then,  fince 
L  M  =  2  G  H,  we  have  f  K  =  2  f  E ;  and 
therefore  I  K  =  f  I  —  2 C  1,  the  Radius  of 
the  Plano-Concave.  Scheme  2.  Plate  XVIIL 


4 


. 


H  2 
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CHAP.  VIII. 

The  Rules  for  finding  the  Focus  of  a 

Meniscus  Lens. 


j.TF  the  Thieknefs  of  the  Lens  be  not 
confidered,  the  Radii  of  Convexity  and 
Concavity  unequal,  and  the  convex  Part  ex- 
pofed  to  Diverging  Rays%  we  {hall  find  the 
Focus  by  the  following  Rule. 

2.  Case  I.  Of  Diverging  Rays ,  Plate  XIX. 
Scheme  i.  .  ' 

RULE. 

"  *  ’It  I 

Multiply  twice  the  Product  of  the  Radius 
of  Convexity  into  that  of  Concavity,  by  the 
Diftance  of  the  Radiant;  this  {hall  be  the  Di¬ 
vidend.  Then  multiply  the  Difference  be¬ 
tween  the  two  Radii  by  the  Diftance  of  the 
Radiant ;  and  to  that  Produdt  add  twice  the 
Produdl  of  the  Radii ;  the  Sum  {hall  be  the 
Divifor ,  by  which  divide  the  Dividend  above, 
the  Quotient  will  be  the  focal  Diftance  re¬ 
quired,  per  Theor.  54. 


3.  EX 
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3.  EXAMPLE. 

Let  the  Radius  of  Convexity  CE  =  15 
The  Radius  of  Concavity  —  KI  =  10 

Their  Product  —  —  —  — .  —  i^q 
Multiply  by  —  —  —  —  < —  —  2 


3  Q° 

Multiply  by  the  Diftance  *—  D  E  =?  40 

The  Dividend  —  —  —  • — -  —  12000 

Then  from  Rad.  of  Convexity  CE  =  15 
Take  the  Radius  of  Concavity  KI  =  10 


The  Difference  is 
Multiply  by  — 


Product  •*—  — *  —  —  ~  200 

To  that  add  twice  the  Prod,  of  Radii  300 

Ml  1  I  li-4 

The  Sum  is  the  Divifors  viz,  —  500 

Then  500)  12000  (24  =  fE5  the  DU 

1000  ftance  of  the  Fo» 

- — - *  cus  required3  viz. 

2000  2  Inches. 

2000 


4.  Here  the  Radius  of  Convexity  exceeds 
that  of  Concavity  y  but  if  they  are  equal,  then 

H  -  will 
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will  the  Diftance  of  the  Focus  be  equal  to  the 
Diftance  of  the  Radiant,  and  negative  anc 
virtual ;  for  the  Rays  will  proceed  with  the 
fame  Degree  of  Divergency  as  they  had  when 
they  fell  on  the  Glafs;  for  in  this  Cafe,  all 
that  is  effe&ed  by  the  convex  Surface  A  E  B, 
is  deftroyed  by  the  equally  concave  one  G I H. 
See  Theor.  57. 

5.  And  univerfally,  in  the  Cafe  of  Con¬ 
verging  Rays,  as  the  Produdr  of  the  Diftance 
of  the  Radiant  into  the  Radius  of  Concavity  if 
lefs,  equal  to,  or  greater  than  the  Produdt  oi 
the  faid  Diftance  into  the  Radius  of  Convexity, 
added  to  twice  the  Produd  of  the  Radii  into 
each  other,  the  Focus  will  be  negative,  infinite, 
or  affimative. 

H 

6.  Case  II.  Of  Parallel  Rays,  Scheme 

2.  Every  thing  befides  remaining  as  before, 
the  Focus  of  thefe  Rays  are  found  by  this 
fhort  I 

RULE. 

Divide  twice  the  Pfodud  0f  the  Radii  by 
their  Difference,  the  Quotient  will  be  the  fo¬ 
cal  Diftance  fought,  per  Theor.  55. 


1 


7.  EX- 
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\  * 


7.  EXAMPLE. 


}i5~- 


Let  the  Radius  of  Con¬ 
vexity  be  CE  — 
The  Radius  of  Con-  7 
cavity  be  K  I  —  j 

Produdt  —  —  — - 


9° 

2 


15 

6 

^Diff. 


Twice  the  Produft: 

Then  9)  180  (20 
18 


180 

fE,  the  focal  Di- 
ftance  required, 
viz.  2  Inches, 


8.  As  the  Radius  of  Convexity  is  greater , 
equal  to,  or  lefs  than  the  Radius  of  Concavity, 
the  Focus  of  thefe  Rays  will  be  negative ,  in¬ 
finite,  or  affirmative,  as  is  plain  from  the 
Theory.  In  the  laft  Cafe  therefore,  viz . 
when  the  Convexity  is  lefs  than  the  Concavity , 
a  Menifcus  Lens  will  become  a  burning  Glafs . 


9.  Case  III.  Of  Converging  Rays,  Scheme 
3.  The  Rule  for  finding  the  Focus  of  thefe 
Rays  is  the  fame  as  above  for  diverging  ones ; 
and  as  to  the  Nature  of  the  Focus,  it  will  be 
negative,  infinite,  or  affirmative,  according  as 
the  Produdt  of  the  Diflance  and  Radius  of 
Convexity  is  leffer,  equal  to,  or  greater  than 
the  Product  of  the  Distance  into  the  Radius 

H  4  of 
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of  Concavity,  added  to  twice  the  Product  of 
the  Radii  into  each  other,  per  Theor.  56. 

10.  EXAMPLE. 

L  »  •'  * 


Let  the  Radius  of? 

Concavity  KI  =  j  *^  “  *  “"  *  *5  | 

The  Radius  of  Con-  1  ,  ,  c  , 

r^r?  >  O  —  -  -  o  bub, 

vexity  C  b  =  J 

Produfl:  —  - —  —  90  9  Diff. 

Multiply  by  —  —  2  20=dE 


l8ol  AAA 

Twice  Prod,  of  Radii  180 - 180  J 

Multiply  by  the  Di-  1  '  - - 

fiance  d  E  =  /  20  36°  Divifo^ 


The  Dividend  ■ —  3600 

Then  360)  3600  (10  =  FI,  the  focal  Di- 
360  fiance  required,  viz. 

- -  1  Inch,  and  the  Fo- 

*  *  *  0  cus  affirmative. 


II.  If  the  Radii  of  Convexity  and  Conca¬ 
vity  are  equal,  the  Focus  of  Converging  Rays 
will  be  at  the  Diftance  of  the  Radiant  and 
affirmative;  that  is,  the  Rays  in  this  Cafe 
will  pafs  on  after  Refra&ion  with  the  fame 
Degree  of  Convergency  as  they  before  had, 
per  Theor.  59.  « 


12.  When 

♦  > 
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j2.  When  the  concave  Part  of  the  Me- 
nifcus  is  turned  towards  the  Radiant,  the 
Rule  for  the  Focus  of  Diverging  Rays  i$  the 
I  fame  as  for  Converging  ones ,  when  the  convex 
Side  is  towards  it,  but  the  Focus  will  here  be 
negative,  as  it  was  there  affirmative.  The 
Converfe  of  this  holds  good  for  Converging 
Rays  in  this  Cafe.  And  as  for  Parallel  Rays , 
the  Pvule  is  (till  the  fame  as  above  in  Art.  7, 

1  and  the  Focus  will  be  affirmative  or  negative, 
:i  as  the  Radius  of  Concavity  is  greater  or  lefs 
than  that  of  the  Convexity  ;  and  if  the  Radii 
are  equal,  the  Focus  will  be  infinite,  or  the 
i  Rays  will  ftill  proceed  on  parallel. 


[  122  ] 

CHAP.  IX.  H 

fhe  Rules  which  determine  the  Dijlance  of  an 
Objeff  that  jhall  bear  any  affigned  Proportion 
to  ids  Image  formed  by  a  Convex  Lens. 

I.  TN  Plate  XX,  F  G  is  a  double  and  equally 
X  convex  Lens,  C  the  Center,  C  E  the  Ra¬ 
dius,  C  E  A  the  Axis,  O  B  an  Objedt  placed 
at  right  Angles  therewith,  and  I M  the  Image 
formed  by  the  faid  Lens.  Suppofe  now  it  were 
required  to  know  at  what  Diftance  the  Objedt 
{hall  be  placed,  that  it  may  bear  the  fame  Pro¬ 
portion  to  it’s  Image,  as  40  to  10  j  this  is  the 

R  U  L  E. 

Add  together  the  Numbers  exprefling  the 
Objedt  and  it’s  Image,  multiply  their  Sum  by 
the  Radius  of  the  Lens ;  divide  that  Product  by 
the  Image,  the  Quotient  will  be  the  Diftance 
of  the  Objedt  required,  per  Theor.  1.  Chap.  II. 

2.  EXAMPLE  I. 

The  Objedt  is  —  —  40 
The  Image  — -  —  10 

Their  Sum  is  — *  — -  50 
Let  the  Radius  CE  =  10 

Then  10)500(50  =  EA,  the 
50  Diftance  of  the 

;  - -  Objedt,  viz.  5 

‘  ’ 0  Inches. 

3.  E  X- 
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J  *  \  ,  &  ♦  » 

3.  EXAMPLE  II. 

1  1 

<* 

Suppofe  I  have  a  double  and  equally  convex 
Tens,  the  Radius  being  3  5,  and  I  would  have 
an  Image  formed  in  Proportion  to  the  Objedl, 
as  15  to  275;  Query  at  what  Diftnnce  the 
Objedl  mull  be  placed  ? 

The  Objedl  is  —  275 
The  Image  is  ■ — *  15 

Their  Sum  is  —  290 
Mult,  by  the  Radius  3  5 

1450 

87° 

Divide  by  15)  10 150  (676,  the  Diftance 

90  of  the  Objedl,  viz . 

-  67  i  Inches,  and 

1 1 5  a  little  more* 

105 

100 

90 

10 

4.  EXAMPLE  III. 

Suppofe  I  would  have  an  Image  equal  to 
the  Objedl  1  Query  the  Diftance  of  the  Ob~ 
l:j jedl  ?  In  this  Cafe  the  Objedl  muft  be  placed 
at  the  Diftance  of  twice  the  Radius  of  the 

Lens, 
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Lens,  per  Theor.  17.  And  then  will  the  Di- 
#ance  of  the  Image  be  the  lame  alfo,  per 
Art.  6,  Chap.  II.  This  Problem  of  making  an 
Image  juji  as  large  as  the  Life ,  may  be  found 
very  uieful  to  Painters,  Defigners,  &c.  on  ma¬ 
ny  Occafions,  as  will  appear  farther  on. 

5.  E  X  A  M  P  L  E  IV. 

Suppofe  I  would  have  an  Object  magnified 
in  Proportion  15  to  150,  that  is,  of  1  to  ipl 
by  a  Lens  of  3  }  Inches  Radius.  Then  may 
the  Diftance  of  the  Radiant  or  Objedt  be  found 
in  the  Manner  as  above.  Thus. 

The  Objedt  — »  —  13 

The  Image  - - 150 

Their  Sum  — -  —  165 

Multiply  by  Radius  35 

825 

495 

Divide  by  150)  5775  (38.5,  the  Diftance 

450  v  of  the  Objedt, 

-  viz.  3  Inches 

I275 

1200 


75° 

75° 


6.  EX- 


•  •  • 
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6.  EXAMPLE  V. 

Let  there  be  a  fmall  double  Convex,  whole 
Radius  is  5,  or  i  of  an  Inch,  and  let  it  be  re¬ 
quired  to  find  at  what  Diftance  an  Objedt 
mull  be  placed,  that  it’s  Image  may  be  6  times 
larger  than  itfelf  proceed  as  above.  Thus. 

The  Objedt  is  —  1 

The  Image  is  —  6 

Their  Sum  is  —  — *7 

Multiply  by  Radius  5 

Divide  by  6)35(5,8,  the  Diftance  re- 

30  quired,  viz. 

— —  of  an  Inch. 


2 


7.  Thele  Examples  are  fufficient  to  Ihew, 
that  any  Objedt  may  be  magnified  or  dimi- 
nilhed  in  any  given  Proportion  by  a  convex 
Lens,  with  an  affirmative  Focus,  viz .  on  the 
other  Side  of  the  Lens.  That  is,  the  Image 
will  be  leJJ'er ,  equal  to,  or  greater  than  the 
Objedt,  according  as  the  Diftance  of  the  Ob¬ 
jedt  is  greater ,  equal  to ,  or  leJJ'er  than  twice 
the  Radius  of  the  Lens. 

8.  The  fame  Rule  holds  good  for  a  Plano- 
Convex  Lens,  only  with  this  Difference,  that 

the 


/ 
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the  Diftance  of  the  Objedt  will  be  always 
twice  as  great  as  for  a  Double  Convex  of  the 
fame  Radius.  Thus  an  Object  is  diminijhed, 
made  equal  to  the  Life ,  or  magnified ,  accord¬ 
ing  as  it  is  placed  at  a  Diftance  greater ,  equal 
to,  or  lefs  than  4  times  the  Radius,  or  twice 
the  Diameter  of  the  Sphere,  of  which  the 
Plano-Convex  Lens  is  a  Segment.  All  which 
is  evident  from  Theor.  4  and  18. 

9.  If  the  Image  be  required  on  the  fame 
Side  with  the  Objedt,  the  Theorem  which 
finds  the  Diftance  of  the  Objedl  for  an  af- 
figned  Proportion  between  it  and  it’s  Image, 
is  thus  exprefied  in  Words. 

RULE. 

From  the  Image  take  the  Objedl:,  multi¬ 
ply  the  Difference  by  the  Radius ;  divide  that 
Product  by  the  Image,  the  Quotient  is  the 
Diftance  required,  per  Theor.  16. 

10.  From  the  Rule  it  is  evident  the  Image 
muft,  in  this  Cafe,  be  always  greater  than  the 
Qbjedt,  which  therefore  cannot  be  diminifhed 
at  a  negative  Focus,  nor  ever  equal  to  it’s 
Image,  but  at  the  Vertex  of  the  Lens. 


11.  E  X- 
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11.  EXAMPLE. 

Let  there  be  a  double  and  equally  convex 
Lens,  whofe  Radius  is  40,  or  4  Inches  and 
let  the  Image  be  to  the  Objedt  as  50  to  10 ; 
it  is  required  to  find  the  Diftance  of  the  Ob¬ 
ject  for  that  Purpofe.  Proceed  thus  accord¬ 
ing  to  the  Rule. 

i  v 

From  the  Image  —  50 
Take  the  Objedt  —  10 

The  Differerence  is  40 
Multiply  by  Radius  40 

Divide  by  50)  1600  (32  =  the  Diftance 

1 50  of  the  Objedt  re- 

" — —  quired,  viz.  3— 

100  Inches, 

100 


12.  The  Diftance  of  the  Objedt  will  al- 
!  ways  be  lefs  than  the  Radius  for  a  negative 
1  Focus ;  and  when  it  becomes  equal  to  the  Ra¬ 
dius,  the  Image  is  then  at  an  infinite  Diftance, 
and  infinitely  larger  than  the  Objedt. 

13.  In  this  Refpedt  alfo,  every  thing  is  the 
fame  in  a  Plano-Convex,  but  the  Diftance  of 
the  Objedt  *  which  is,  for  the  fame  Data ,  al¬ 
ways  double  to  that  for  a  double  Convex  of 
equal  Radii, 


■14,  The 
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14.  The  Objedt  hitherto  confidered  is  fup«= 
pofed  to  be  a  Line,  or  Ample  Length  of  any 
thing;  if  the  Superficies  of  any  Objedt  be 
confidered  that  will  be  altered  in  a  duplicate 
Proportion  of  the  Length  or  Breadth ;  that  is, 
according  to  the  Square  thereof :  Thus  if  the 
Length  of  an  Objedt  be  magnified  or  dimi- 
nilhed  2,  3,  4,  5,  &c.  times,'  the  Superficies 
of  that  Objedt  will  be  magnified  or  diminifhed 
4,  9,  16,  or  25  times,  becaufe  thefe  Numbers 
are  the  Squares  of  the  others. 

15.  But  I  (hall  give  a  Rule  that  will  find 
at  what  Diftance  an  Objedt  muft  be  placed, 
that  it's  Surface  fhall  bear  any  affigned  Pro¬ 
portion  to  the  Surface  of  the  Image ;  and  is 
as  follows. 

*  „  *  k 

RULE. 

Divide  the  Objedt  by  the  Image,  and  mul¬ 
tiply  the  Quotient  by  the  Square  of  the  Ra¬ 
dius  ;  and  to  the  fquare  Root  of  that  Produdl 
add  the  Radius ;  the  Sum  is  the  Diftance  of 
the  Objedt  required,  per  Theor.  2. 

16.  E  X  A  M  P  L  E. 

Let  there  be  a  double  and  equally  convex 
Lens,  whole  Radius  is  30,  or  3  Inches;  and 
let  the  Surface  of  the  Objedt  be  to  that  of 
the  Image,  as  1000  to  10 ;  to  find  the  Di- 
ftance  at  which  the  Objedt  muft  be  placed  for 
that  Purpofe.  Proceed  thus  by  the  Rule. 

Image 


uj  -  r  i _ w 
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Image  Objedt 
10)  1000  (100  Quotient. 

100  900  =  Radius  Square. 

•  • '  o  90000  (300  =  Square  Root 

3° 

i  « 

330  =  Dirt,  fought 


17.  Hence  it  appears,  that  if  an  Objedt  be 
!  placed  33  Inches  from  the  Lens,  the  Surface 

of  the  Image  will  be  an  ioo  times  lefs  than 
fit's  own.  If  this  Objedt  were  a  Circle  or  a 
!  Square ,  the  Diameter  of  the  Circle  or  Side  of 
the  Square  would  be  10  times  lefs  in  the 
Image  than  in  the  Objedt  at  that  Diftance. 

18.  By  Theor.  3.  we  have  a  Rule  for  the 
Diftance  of  Objedts  for  any  affigned  Propor¬ 
tion  of  the  Solidities  or  Bulks  >  and  is  as 
follows. 

RULE. 

Divide  the  Objedt  by  the  Image,  multiply 
the  Quotient  by  the  Cube  of  Radius;  to  the 
Square  Root  of  that  Produdt  add  the  Ra¬ 
dius,  the  Sum  is  the  Diftance  of  the  Objedt 
•equired. 


I 


19.  E  X- 
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1 9.  EXAMPLE. 

Let  the  Radius  of  the  Len,s  be  30,  the  So¬ 
lidity  or  Bulk  of  the  Objedt  be  to  that  of  the 
Image  10000  to  10 ;  the  Diftance  of  the  Ob¬ 
ject  is  found  as  per  Rule. 

Image  Object 

10  )  10000  (  1000  Quotient. 

9000  —  Cube  of  Radius. 

9000000  (  300  Cube  Root. 

30  =  Radius. 

330  =  the  Dift; 
of  the  Objedt: 

20.  Here  again  the  Diftance  is  the  fame  at 
before,  viz,  33  Inches.  At  that  Diftance 
therefore  the  Length  of  an  Objedt  will  be  di- 
minifhed  10  times,  the  Superficies  an  10c 
times,  and  the  Solidity  1000  times,  which  ii 
according  to  the  Simple  Square  and  Cubic  Pro^ 
portion,  as  it  fhould  be  by  the  geometrical 
Dodtrine  of  Menfuration.  But  enough  01 
thefe  Matters,  which  are  of  more  Speculatioi 
than  Ufe. 

21.  When  the  Diftance  of  an  Objedt,  ant 
the  Proportion  thereof  to  the  Image  is  given 
the  Radius  of  a  double  and  equally  conve: 
Lens  is  found  by  the  following  Rule. 


RULE 
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RULE. 

* 

Multiply  the  Diftance  of  the  Object  by  the 
Image  ;  divide  that  Produdt  by  the  Sum  of  the 
Objedt  and  Image ;  the  Quotient  is  the  Ra- 
!  dius  fought,  per  Theor.  20. 


22.  E  X  A  M  P  L  E. 


Let  the  Diftance  of  the  Objedt  be  330,  the 
i  Proportion  of  the  Objedt  to  the  Image  that  of 
:  100  to  10,  or  10  to  1. 

Then  multiply  the  Diftance  330 
By  the  Image  — - -  —  10 

The  Produdt  —  — .  —  3300 


Divide  by  theSum  of 
the  Objedt  and  Image 


3300  (30  =  the 
„  Radius 
— —  fought. 


•  #  *  o  viz*  3 
Inches.  See  Art.  17. 


23.  For  a  Plano-Convex  the  Radius  will  be 
found  juft  half  as  long,  becaufe  you  muft  then 
divide  by  twice  the  Sum  of  the  Objedt  and 

!  Image,  per  Theor.  21. 

24.  If  the  Diftance  of  the  Objedt,  and  Ra- 

i  dius  of  the  fame  Lens  be  known,  the  Pro- 

* 

portion  of  the  Objedt  to  the  Image  is  then 
known  by  the  following 

I  2  ANA- 
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ANALOGY. 

As  the  Diftance  leflened  by  the  Radius,  11 
to  the  Radius ; 

So  is  the  Objedt  to  the  Image,  per  Theor.  24, 
25.  EXAMPLE. 

Let  the  Diftance  of  the  Objedt  be  330,  the 
Radius  30  ;  then  the  Diftance  leflened  by  the 
Radius  is  300 ;  and  therefore  as  300  is  to  thes 
Radius  30,  fo  is  the  Objedt  to  the  Image, 
but  300  is  10  times  greater  than  30,  therefore 
the  Objedt  is  10  times  larger  than  the  Image. 
For  a  Plano-Convex,  inftead  of  Radius  you 
mull  take  the  Diameter,  or  double  Radius, 
per  Theor.  21. 

26.  It  is  evident  from  the  Scheme,  that  the: 
Objedt  feen  at  an  affirmative  Focus  is  inverted ,, 
but  at  a  negative  Focus  it  will  appear  in  it’s;: 
proper  Pofition  ;  the  Reafon  of  which  was; 
made  plain  in  the  Theory,  and  thefe  are  thes 
principal  Properties  of  Convex  Lenfes. 


C  H  A  P„ 


[  *33  ] 


CHAP.  X. 


'I  The  Rules  which  determine  the  Diftance 
of  an  OhjeB  for  any  ajfigned  Pro¬ 
portion  between  it  and  it  $  Image , 
formed  by  a  Double-Concave ,  Plano- 
Concave^  and  a  Menifcus  Lens* 


I-T7R0M  the  Theory  it  appears,,  that 
JP  Diverging  and  Parallel  Rays  can  have 
:  no  affirmative  Focus  in  a  Double  or  Plano- 
i!  Concave  Lens.  Therefore  all  Objedts  will  have 
1 1  their  Images  formed  at  a  negative  Focus,  or  on 
the  fame  Side  of  the  Lens  with  themfelves. 

2.  The  Rule  therefore  for  finding  the  Di¬ 
li  fiance  of  the  Object  that  ftiall  bear  an  affigned 
•  Proportion  to  it’s  Image  formed  by  a  double 
and  equally  concave  Lens,  as  that  in  Plate  XXI* 
is  as  follows. 


RULE. 


i 


From  the  Objedt  fubftradt  the  Image,  mul¬ 
tiply  the  Remainder  by  the  Radius ;  divide  that 
Produdt  by  the  Image,  the  Quotient  is  the 
Diftance  required,  per  Theor.  y. 


3.  E  X  A  M  P  L  E. 


Let  it  be  required  to  find  the  Diftance  of 
an  Objedt  that  fhall  be  in  Proportion  to  it's 

I  3  Image, 
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Image,  as  40  to  10,  by  an  equal  and  double 
concave  Lens,  whofe  Radius  is  10,  or  1  Inch. 

The  Objed  is  —  —  40  =  OB 
Subftrad  the  Image  10  =  IM 

Remainder  —  —  30 
Multiply  by  Radius  10  =  C  E 

3°° 

Then  10)  300  (30  =  A  E  the  Diftance 
30  fought*  4;/#.  3  Inches. 


•  *  o 

4.  In  a  Plano-Concave  all  other  things  re¬ 
maining  the  fame,  the  Diftance  will  be  twice 
as  great,  by  Theor.  10. 

5.  If  you  would  find  the  Superficies  or  So¬ 
lidity  of  an  Objed  diredly,  the  Rules  are  the 
fame  as  in  Chap.  X.  Art.  15  and  18,  only  as 
there  you  added  the  Radius  to  the  Square  and 
Cube  Root,  here  you  muft  fubftraft  it.  See 
Theor.  8  and  9. 

6.  If  the  Diftance  of  an  Objed  A  E,  and 
the  Radius  CE  of  a  double  and  equally  con¬ 
cave  Lens  be  known,  the  Proportion  between  11 
the  Objed  and  Image  is  alfo  known  by  this 

ANALOGY. 

As  the  Diftance  added  to  the  Radius,  is  to  li 
the  Radius ; 

So  is  the  Objed  to  the  Image. 


7.  EX- 


. 
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7.  EXAMPLE. 

Sappofe  the  Diftance  AE  =  30,  and  the 
Radius  CE  =  10;  then  will  the  Objed  be 
t|  to  the  Image,  as  30  added  to  10,  viz.  40  to 
10,  or  as  4  to  1  that  is,  it  will  be  4  times  as 
large.  In  Piano-Concaves  you  muff  ufe  twice 
i  the  Radius ,  thus. 

8.  As  the  Diftance  added  to  twice  the  Ra¬ 
dius,  is  to  twice  the  Radius ; 

So  is  the  Objed  to  the  Image.  Theor.  27. 


9.  In  Double  and  Piano-Concaves  it  appears, 
both  from  the  * Theory  and  the  Sche'tne ,  that  the 
Image  will  always  be  lefs  than  the  Objed, 
on  the  fame  Side  with  itfelf ;  ereSt,  or  in  the 
fame  Po fit  ion ;  and  ever  between  the  Le?is  and 
ids  Center  C;  till  the  Diftance  of  the  Objed 
become  infinite,  and  then  the  Image  will  be 
formed  in  the  very  Center,  as  that  of  the  Sun, 
and  all  vaftly  diftant  Objeds,  is  feen  to  be  ; 
and  thefe  are  the  chief  Properties  of  Concave 
Lenfes. 

10.  A  Meniscus  Lens,  whofe  Radii  of 
Convexity  and  Concavity  are  unequal,  and  be¬ 
ing  expofed  on  the  convex  Side  to  the  Objed, 
will  magnify  or  diminifh  an  Objed  in  any  af- 
fignable  Degree,  at  an  affirmative  Focus ;  pro¬ 
vided  the  Radius  of  Concavity  exceeds  the 
Radius  of  Convexity.  This  is  evident  from 

I  4  Theor. 


H 
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Theor.  13,  which  gives  the  following  Rule  for 
the  Diflance  of  the  Objedt,  viz. 

RULE. 

•  • 

Multiply  the  Sum  of  the  Objedt  and  Image 
by  twice  the  Produdt  of  the  Radii;  divide 
that  Produdt  by  the  Difference  of  the  Radii 
multiplied  by  the  Image,  the  Quotient  is  the 

Pittance  fought* 

11.  EXAMPLE  I. 

Let  the  Radius  of  Convexity  be  io,  the  Ra¬ 
dius  of  Concavity  25,  and  the  Proportion  of 
the  Objedt  to  the  Image,  as  4  to  1. 

Then  (25  -  2 5  pbje<a  4 

[  io —  - —  io  Image  i 

Produdt  250  15  Diff.  Sum  5 

2 


500 

_ 5 

j  5)  2500  (166  the  Diflance  fought,  viz. 
15  16^  Inches. 

100 

9° 

JOQ 


12.  E  X- 


I 
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12.  E  X  A  M  P  L  E  II. 

Let  the  Object  be  magnified  in  the  Pro¬ 
portion  of  4  to  1,  by  the  fame  Lens. 


Then 

l  10  —  — 


Produdt  250 
2 


500 

5 


25 

10 

J5 

4 

60 


Diff. 

Image 


Objedt  1 
Image  4 

Sum  5 


60) 2500 (41 
240 


the  Diftance  required, 
viz,  4-^  Inches, 


< 


100 

60 


40 

13.  E  X  A  M  P  L  E  III. 

Let  it  be  required  to  have  the  Obje£t  and 
Image  equal  by  the  fame  Lens.  Then  4 
times  the  Produdt  of  the  Radii  divided  by 
their  Difference,  gives  the  Diftance  of  the 
Objeft,  thus; 
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2 5  “  —  25 

JQ  _  —  IQ 

Produdt  250  15 


15)  1000(66  —  the  Diftance,  viz.  6™ 
90  Inches. 

100 

90 


14.  If  the  concave  Side  be  turned  to  the 
Objedf,  and  the  Image  required  at  an  affirmative 
Focus,  the  Rule  is  ftill  the  fame,  fave  only  that 
in  this  Cafe,  the  Radius  of  Convexity  muff 
exceed  the  Radius  of  Concavity,  as  is  plain 
from  Theor.  14. 

15.  If  the  convex  Side  be  towards  the  Ob- 
jeft,  and  the  Image  required  at  a  negative 
Focus ;  then  you  mu  ft  multiply  with  the  Dif¬ 
ference  of  the  Objedt  and  Image  inftead  of 
their  Sum ;  and  if  the  Radius  of  Convexity  be 
greateji ,  the  Objedt  cannot  be  magnified j  if 
leaf ,  it  can't  be  diminished. 

16.  But  if  the  concave  Side  be  towards  the 
Objedt  for  a  negative  Focus,  then  if  the  Ra¬ 
dius  of  Concavity  be  greateji ,  the  Objedt  can¬ 
not  be  magnified ;  nor  diminijhed ,  if  it  be 
leaft. 

*  -  1 7.  If 
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1 7.  If  the  Radii  of  the  Surfaces  are  equal, 
the  Menifcus  can  neither  magnify  or  diminifh 
an  Objedt,  as  appears  by  Theor.  15.  Be- 
caufe,  in  that  Cafe,  all  that  is  effected  by  one 
Surface  is  deftroyed  by  the  other. 

18.  An  Objedt  appears  eredt  at  a  negative 
Focus,  and  inverted  at  an  affirmative  one. 
And  thefe  are  the  chief  Properties  of  Menifcus 
Lenfes . 

19.  A  Plain  Lens,  or  Piece  of  Glafs, 
both  whofe  Surfaces  are  perfedtly  plain,  will 
magnify  an  Objedt  in  proportion  to  it’s  Thick-* 
nefs,  according  to  the  following 

ANALOGY. 

«  * 

As  the  Diftance  of  the  Objedt,  is  to  the 
faid  Diftance  increafed  by  two  Thirds  of  the 
Thicknefs ; 

So  is  the  Objedt  to  it’s  Image. 

20.  E  X  A  M  P  L  E. 

Suppofe  a  Piece  of  Glafs  be  f  of  an  Inch 
thick,  then  will  an  Objedt  at  one  Inch  Di¬ 
ftance  be  to  it’s  Image  feen  through  the  Glafs, 
as  10  to  12,  in  Length,  in  Surfaces  as  100  to 
144,  and  in  Bulk  or  Solidity  as  1000  to  1728. 


[  *4°  ] 


PART  III. 

\  i 

Of  Dioptric  Inflruments  and 

Machines* 


CHAP.  I. 

Of  the  StruEture  of  the  Rye ;  and  how 
Vifon  is  performed  thereby. 

i.T^HE  Defcription  of  the  Eye,  I  here 
JL  intend,  is  rather  Optical  than  Anato¬ 
mical  ;  as  taking  Notice  of  thofe  Parts  only 
which  regard  Vijion ,  and  affift  more  or  lefs  in 
effecting  it. 

2.  In  Plate  XXII.  Fig.  i.  reprefents  the 
Ball  or  Globe  of  the  Eye,  or  rather  a  Sedtion 
thereof  through  it’s  Axis.  The  Form  of  the 
Eye  is  too  well  known  to  need  Defcription  •> 
it's  Parts  are  of  two  Sorts,  viz.  Coats  and  Hu¬ 
mours,  of  which  in  Order. 

3.  The  Coats  or  'Teguments  of  the  Eye  are 
the  external  Parts  which  contain  the  Humours, 
and  are  in  Number  6,  viz.  The  Conjunct iv a , 
Sclerotica }  Cornea ,  Cboroides,  Uvea ,  and  Retina. 


4.  The 


I 
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4.  The  'Tunica  ConjunBiva  is  common  to 
the  Eye-lid,  and  Ball  of  the  Eye,  which  it 
firmly  conne&s  together,  and  makes  what  is 
called  the  White  of  the  Eye . 

5.  The  Sclerotica  is  the  firft  or  outmoft  of 
the  proper  Coats  of  the  Eye  reprefented  by 
AEDB,  Fig.  1.  This  Coat  is  thick,  hard, 
and  fmooth,  and  on  the  fore-part  is  tranfpa- 
rent  where  it  forms 

6.  The  Cornea ,  or  horny  Coat ,  becaufe  it 
refembles  a  thin  Piece  of  tranfparent  Horn , 
and  is  more  protuberant  than  the  reft  ;  repre¬ 
fented  by  AB.  By  this  Part  the  Light  firft 
enters  the  Eye. 

7.  The  Choroides  lies  under  the  Sclerotica , 
is  much  thinner  than  it,  and  on  the  fore-part 
thereof,  between  Qjmd  Q^is 

8.  The  Uvea,  fometimes  called  the  Iris, 
which  is  of  various  Colours  in  different  Per¬ 
ilous ;  and  in  the  middle  has  a  round  Hole, 
viz.  I L,  called  Fupilla ,  or  the  Pupil  of  the 
Eye,  by  which  the  Light  has  admittance  to 
the  internal  Subftance  of  the  Eye. 

9.  This  Iris  is  of  a  round  Form,  is  corn- 
poled  of  two  Orders  of  Fibres,  one  Circular , 
the  other  Strait ,  tending  towards  the  Center 
of  the  Pupil ,  like  Radii  towards  the  Cen¬ 
ter  of  a  Circle.  By  means  of  thefe  Fibres, 
the  Pupil  is  enlarged  or  contracted  according 
as  greater  or  lefler  Light  is  required. 

10.  The  Retina  is  not  properly  a  Coat  of 
the  Eye,  being  only  a  fine  Expanfion  of  the 

i  Optic 


% 
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Optic  Nerve  over  the  Bottom  of  the  Eye, 
nearly  oppofite  to  the  Pupil.  On  this  delicate 
Membrane  are  painted  the  Images  of  Objefts 
formed  by  the  Gryftalline  Humour.  It’s  Re- 
prefentation  is  at  S,  S,  S. 

i  r.  The  Humours  of  the  Eye  are  three ; 
the  aqueous  or  watery  Humour ,  the  Cryjlalline , 
and  the  vitreous  or  glajfy  Humour.  The  A- 
queous  Humour  hath  very  much  the  Appear¬ 
ance  of  Water i  it  makes  the  Eye  globular  on 
the  fore-part,  lying  immediately  under  the 
Cornea ,  and  is  denoted  by 

12.  The  Cryjlalline  Humour  lies  next  the 
Aqueous  behind  the  Uvea,  oppofite  to  the  Pu¬ 
pil;  reprefented  by  NOP.  In  Form  it  re¬ 
ferable  s  a  Double-Convex  Lens,  being  fome- 
what  more  convex  on  the  external,  than  on 
the  internal  Surface.  It  is  connected  to,  and 
fufpended  by  the  Ligamentum  Ciliare  M  N, 
M  N,  on  the  third  Humour,  called 

13.  The  vitreous  or  glajjy  Humour  ;  this  is 
the  largeft  in  Quantity,  making  the  hinder 
and  far  greateft  Part  of  the  Globe  of  the  Eye, 
reprefented  by  RRR.  It  is  contained  with¬ 
in  a  fine  Membrane,  and  over  all  the  fpherical 
Superficies  thereof  is  fpread  the  Retina  in  a 
moft  fine  and  curious  Manner,  quite  to  the 
Ligamentum  Ciliare. 

14.  Thefe  are  conftituent  Parts  of  the  Eye; 
the  Ufes  whereof,  with  regard  to  Vifion,  I 
fhall  nowr  more  particularly  deferibe.  But  fihall 
firft  premife,  that  clear  and  diJtinSi  Vifion  is 

produced 
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i  produced  only  by  Parallel  Rays ,  or  fuch  as  are 
\  nearly  fo.  For  thefe  Rays  have  but  one  de- 
1  terminate  Focus,  whereas  the  Focus  of  Di¬ 
verging  Rays  is  as  various  as  the  Diftances  of 
Objedts,  and  therefore  can’t  produce  Vifion  in 
a  Machine  of  a  fixed  and  determinate  Form 
and  Pofition,  as  that  of  the  Eye  is  well  known 
to  be. 

15.  Now  in  order  that  Rays,  which  pro- 
(  ceed  from  near  Objedts,  may  be  nearly  Pa¬ 
rallel,  that  they  might  render  fuch  Objedts 

I  diftindtly  vifible,  it  was  neceflary  that  the  A- 
perture  of  the  Eye,  by  which  they  were  to  be 
received,  fhould  be  very  fmall,  that  fo  the 
1  Bafe  of  a  Cone  of  Rays,  proceeding  from  any 
I  Point  in  fuch  an  Objedt,  being  very  fmall  in 
proportion  to  the  Length  of  the  faid  Cone, 
that  part  of  the  Cone  at  the  Entrance  of  the 
Eye  might  differ  very  little  from  a  Cylinder  of 
I  Rays  3  or,  which  is  the  fame  thing,  their  Di- 
j  urgency  fhould  be  fo  very  fmall,  that  they 
:  might  differ  very  little  from  Parallel  Rays. 

16.  To  illuftrate  this  Matter,  let  CD, 

I  Fig.  2.  be  the  Diameter  of  the  Pupil  or  A- 
\  perture  of  the  human  Eye  ;  and  O  a  Point  at 
.  the  Diftance  of  6  Inches  draw  the  Rays  OC, 

’  OD;  and  let  AC  and  B  D  be  Parallel  Rays. 

Now  it  is  evident,  that  becaufe  CD  is  very 
1  fmall  in  refpedt  of  C  O,  the  Divergency  of 
[  the  Rays  OC,  O  D,  is  fo  very  fmall  alfo  at 
the  Pupil  C  D,  that  they  almoft  coincide  with 
the  Parallel  Rays  AC,  BD,  at  their  Arrival  $ 

and 
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and  therefore  may  be  efteemed  as  fuch,  and 
will  produce  diftind  Viiion. 

17.  But  were  the  Point  O  nearer  to  the 
Pupil  CD,  or  if  the  Pupil  were  larger,  ini 
either  Cafe,  the  Rays  would  fall  more  diverg¬ 
ing  on  the  Eye,  and  the  Images  of  Objedsi: 
would  be  formed  at  a  Point  beyond  the  Bot¬ 
tom  of  the  Eye ;  and  fo  their  Pidures  on  the 
Retina  would  be  very  imperfed,  and  confe- 
quently  Vifion  would  be  very  indiftind  and 
confufed. 

18.  Hence  it  appears  why  we  can  never  fee 
any  thing  diftindly  at  a  lefs  Diftance  than 
about  Jix  Inches  by  the  bare  Eye ;  and  alfo 
why  Objeds  at  all  confiderable  Diftances,  ap¬ 
pear  diftind  and  perfed :  But  all  vaftly  di- 
llant  Objeds  appear  both  indijiinli  and  ob- 
j cure .  They  appear  indijlindt ,  becaufe  their 
Images  in  the  Bottom  of  the  Eye  are  fo  ex¬ 
tremely  fmalf  that  the  Diftindion  of  Parts  is 
imperceptible  to  the  Mind  it  felf,  all  the  Parts 
taken  together  making  as  it  were  but  one 
phyfical  Point.  Thus  if  a  Man  of  6  Foot 
Stature  were  to  be  viewed  at  the  Diftance  of 
a  Mile,  his  Image  on  the  Retina  would  be  but 
the  thoufandth  Fart  of  an  Inch  in  Length  ;  no 
wonder  then  if  his  Eyes,  Nofe,  Mouth,  &c. 
appear  indifcernible  in  a  Pidure  of  fuch  ex¬ 
treme  Miniature, 

19.  They  appear  more  or  lefs  obfcurey  ac¬ 
cording  to  their  Diftance  or  Degree  of  Light ; 
for  Objeds  at  a  great  Diftance  are  feen  thro' 

a  greater 
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a  greater  Quantity  of  the  Medium,  than  thofe 
at  a  fmall  one;  and  therefore  the  Rays,  by  a 
greater  Refradtion,  will  be  much  more  effete, 
and  produce  a  more  obfcure  Vifion  in  the  for¬ 
mer  than  in  the  latter  Cafe. 

20.  Again,  it  is  well  known,  that  all  Ob¬ 
jects  appear  bright  or  obfcure ,  according  to  the 
Degree  or  Quantity  of  Light  with  which  they 

1  are  illuminated  ;  thus  diftant  Obje&s,  in  a 
cloudy  Day,  appear  dark  and  obfcure,  where¬ 
as,  when  the  Sun  fhines  full  and  ftrongly  up- 
j  on  them  they  appear  clear  and  bright. 

21.  I  (hall  now  obferve  the  Method  Nature 
takes  in  effecting  Vifion  by  the  Eye ;  and  how 
every  Part  is  made  fubfervient  to  fo  noble  a 

t:  Purpofe  and  Service. 

22.  Suppofe  then  CD  were  parallel  Rays, 

I  falling  on  the  Eye  at  AB,  Fig.  3.  The  A- 
1  queous  Humour  QJ^eing  about  the  fame  Den- 
l  fity  with  Water,  and  of  a  Convex  Surface,  by 

means  of  the  Cornea  A  B,  the  Rays  C  D 
would  be  made  to  converge  towards  a  Point 
!  F,  at  the  Diftance  of  4  times  the  Radius  of 
the  Convexity  of  the  Cornea ,  if  there  were  no 
other  Medium  to  prevent  it;  this  is  evident 
from  the  Theorem  in  Chap.  I.  Art.  6.  of 
Part  II. 

23.  But  the  Point  F  being  beyond  the  Bot- 

!tom  of  the  Eye,  makes  it  neceffary  that  fome 
other  Body,  of  greater  Denfity,  fhould  be  in- 
terpofed  in  Form  of  a  Convex  Lens,  to  ga¬ 
ther  them  to  a  Point  nearer  the  Eye,  and  yet 

K  a  little 
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a  little  beyond  it ;  and  this  is  effected  by  the 
Cryftalline  Humour  N  N. 

24.  I  faid  a  little  beyond  the  Eye ,  becaufe 
Nature  determining  the  Eye  to  be  of  a  globous 
Form,  and  for  that  Purpofe  having  filled  all 
the  hinder  Part  with  a  Medium  RR,  of  a 
lefs  Denfity  than  the  other  Medium  N  N,  and 
of  a  Concave  Surface  where  it  received  the 
Rays,  the  Ray  muft  neceffarily  be  ftill  more 
converged  by  this  Medium,  which  is  the  Vi¬ 
treous  or  Glaffy  Humour ;  and  therefore  had 
the  Cryjlalline  Humour  thrown  the  Rays  juft 
on  the  Bottom  of  the  Eye ,  the  Vitreous  Humour 
muft  have  converged  them  to  a  Point  be-* 
hither  it ;  and  fo  would  have  made  the  Vifion 
indiftindt  and  confufed. 

25.  The  Denfity  of  the  Vitreous  Humour 
therefore  is  fuch,  that  the  Rays  are  united  at:i 
the  Bottom  of  the  Eye,  on  the  Point  S,  where: 
they  paint  the  Image  of  the  Objedt  on  the: 
'Retina ,  and  in  that  Cafe  only,  produce  di~- 
ftinft  Vifion. 

26.  Since  with  Regard  to  Objedts  at  diffe¬ 
rent  Diftances,  thofe  which  are  neareft  will! 
have  their  Foci,  at  a  farther  Diftance  from; 
the  Cryftalline  Humour,  than  thofe  which  are: 
farther  off;  therefore  a  Power  is  given  to  the: 
Eye  to  alter  the  Form  of  the  Cryftalline  Hu¬ 
mour,  viz.  To  render  it  more  or  lefs  Con¬ 
vex,  by  the  Mufcular  Contradlion  and  Relaxa¬ 
tion  of  the  Ligamentum  Ciliare ,  to  which  it! 
is  connedted,  which  alfo  muft  occafion  a 

greater- 
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;  greater  or  lejfer  Concavity  in  the  Vitreous  Hu - 
;  mour ;  by  which  means  the  focal  Difiance  is 
|  leffened  for  near  Objeds,  and  enlarged  for 
!  thofe  farther  off,  and  is  fo  nicely  adjuftable  to 
I  the  Retina ,  for  all  Diftances  of  Objeds,  that 
1  their  Images  are  all  exadly  painted  thereon, 
in  a  natural  or  good  Conftitution  of  the  Eye. 

27*  In  the  laft  Place,  it  has  been  obferved, 

I  that  there  is  a  Power  of  dilating  and  con- 
;  trading  the  Pupil  of  the  Eye,  by  means  of 
1  the  Mulcular  Fibres  of  the  Irh  $  on  this  Ac- 
\  count,  if  Bodies  be  fituated  far  diftant,  the 
1  Pupil  being  dilated  receives  Rays  more  di- 
i  verging,  and  in  a  greater  Quantity,  and  there- 
:  fore  fuch  Objeds  appear  more  difiinffi  and 
1  enlightened . 

28.  On  the  other  hand,  if  Objeds  are  fi- 
{ tuated  very  neary  or  are  extremely  bright ;  the 
1  Pupil  is  contraded,  and  takes  in  only  the  leaft 
i|  divergent  Rays,  fo  that  the  Objeds  are  more 
1  diftind;  and,  at  the  fame  Time,  the  extreme 
i  Brightnefs  is  diminifhed,  fo  as  not  to  be  of- 
;  fenfive  to  the  Eyes* 

I  % 
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CHAP.  II. 


Of  the  Pofition  of  the  Image  in  the 
Eye ;  of  the  apparent  Magnitude  of 
Qbje&s* 


i.YpVING  fully  explained  the  Na- 

jfjL  ture  of  Convex  Lenfes,  and  alfo 
largely  fhewn  that  Vifion  is  performed  in  the 
Eye  by  Refradion  through  the  Cryjlalline  Hu¬ 
mour  principally,  which  bears  the  Form  of 
fuch  a  Lens,  it  muft  needs  be  very  eafy  to 
conceive,  that  the  Images  of  all  Objeds  are 
formed  in  an  inverted  Pofition  in  the  Bottom 
of  the  Eye. 

2.  Thus  in  Fig.  4.  Plate  XXII.  Suppofe 
OAB  an  Objed,  in  an  ered  Pofition  before 
the  Eye  C  D  ;  then  will  the  Pencil  of  Rays 
OEIF,  paint  the  Extremity  O  in  the  Point  I, , 
and  the  Pencil  BFME,  will  paint  the  Extre¬ 
mity  B  in  the  Point  M ;  and  fince  all  the :: 
Points  between  O  and  B  are  reprefented  be-  • 
tween  I  and  Mj  IM  will  be  the  Image  of 
the  Objed  O  B.  Again,  fince  the  Axis  of  the: 
Pencils  of  Rays  crofs  each  other  in  the  Pupil, , 
which  is  their  common  Bafe,  the  Image  muft: 

neceflarily  i 
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neceflarily  be  painted  in  an  inverfe  Pofition ,  in 
the  Bottom  of  the  Eye. 

3.  Here  conftantly  occurs  the  Queftion, 
I  How  it  comes  to  pcifsy  Jince  the  Images  of  all 

Objects  are  painted  in  the  Eye  invertedly ,  that 
we  fee  them  ereffi?  To  this  feveral  Anfwers  are 
given,  but  unfatisfadtory ;  I  can  think  of  no 
better  way  to  account  for  this  Paradox,  than 
i  as  follows. 

4.  If  we  fuppofe  an  Eye  viewing  the  Point 
I  I,  in  the  Image  in  the  Direction  of  the  Axis 
J  of  the  Pencil  of  Rays  which  paints  it  there, 
i  it  will  refer  it  to  the  Point  O  in  the  Objedt, 

;  and  there  behold,  and  contemplate  it :  in  like 
I  Manner,  the  Point  M  would  be  referred  to 

the  Point  B,  and  by  a  fucceffive  Application 
of  the  Eye  to  every  Point  of  the  Image,  the 
,  whole  Image  I  M  will  be  referred  to,  and 
:  confidered  in  the  Objedt  OB.  If  therefore 
i  we  conceive  the  Mind  to  be  all  Eyey  capable 
1  at  once  of  viewing  every  Point  in  the  Image 
in  it’s  requifite  Diredtions,  it  mu  ft  neceflarily 
refer  the  Image  in  the  Eye  to  the  Objedt 
without  it,  which  alfo  will  neceflarily  caufe  a 
Change  of  the  Pofition ;  and  therefore  the 
Image,  though  inverted  in  the  Eye,  will  be 
viewed  and  contemplated  by  the  Mind  in  aft 
ereffi  Pofition  in  the  Objedt. 

5.  We  now  proceed  to  confider  the  appa* 

rent  Magnitude  of  Objedts ;  which  here  (hall 
be  that  of  a  Line ,  viz.  it’s  Length.  In  Fig.  5* 
Let  A  B  be  an  Objedt  viewed  diredtly  by  the 
t  K  3  Eye 
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Eye  QJl:  From  each  Extremity  A  and  B, 
draw  the  Lines  A  N  and  B  M,  interfeding 
each  other  in  the  Cryftalline  Humour  in  I, 
bifed  A  B  in  K,  and  draw  I K ;  then  is  the 
Angle  AIK,  half  the  optic  Angle  A I B, 
which  is  the  Meafure  of  the  apparent  Magni¬ 
tude  or  Length  of  the  Objed  AB. 

6.  Diver je  Objects  AB,  CD,  E F,  whofe 
real  Magnitudes  are  very  unequal ,  may  be  fi- 
tuated  at  fitch  Di fiances  from  the  Eye ,  as  to 
have  their  apparent  Magnitudes  all  equal .  For 
if  they  are  fo  fituated  that  the  Rays  A  N, 
B  M,  fhall  touch  the  Extremities  of  each,  they 
will  then  all  appear  under  the  fame  optic  An¬ 
gle  AIK,  which  is  equal  to  N  I  M,  which 
determines  the  Magnitude  of  the  Image  MN, 
in  the  Fund  of  the  Eye,  the  fame  for  them 
all ;  and  therefore  they  muft  all  appear  of  an 
equal  Magnitude . 

7.  Objects  fituated  at  different  Difiancesy  di¬ 
rect  to  the  Eyey  whofe  apparent  Magnitudes  are 
equal ,  are  to  each  other ,  as  their  Difiances  from 
the  Eye  direCtly.  Let  the  Objeds  be  A  B  and 
C  D,  then  becaufe  the  Right-angled  Triangles 
CIL,  and  AIK,  are  fimilar,  it  will  be,  as 
I K  :  I L  ; :  A  K:  CL;  but  AK  is  half  A  B, 
and  C  L  half  C  D ;  therefore  it  will  be,  as 
I  K  :  I L  : :  A  B  :  CD. 

8.  Objects  of  equal  Magnitude ,  fituated  di¬ 
rectly  before  the  Eye  at  unequal  Dijia?icesy  will 
appear  unequal  For  let  AB  and  GH  be  two 
Objeds  diredly  before  the  Eye  at  different 

Diftances 


* 
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Diftances  I K  and  I S ;  draw  the  Lines  G  P 
and  HO  eroding  each  other  in  I ;  then  is  the 
:  optic  Angle  GIH,  manifeftly  greater  than  the 
Angle  A1B,  and  the  Image  OP  made  by  the 
former  greater  than  the  Image  M  N  made 
by  the  latter.  Therefore  the  Objed  G  H,  is 
apparently  greater  than  the  Objed  A  H,  tho* 
\\  it  is  but  equal  to  it. 

9.  Equal  Objects  jituated  direElly  before  the 
1  Eye  at  unequal  Diftances ,  have  their  apparent 
I  Magnitudes  reciprocally  proportional  to  their 

!  Diftances .  For  let  A  B,  G  H,  be  two  equal 
Objeds  at  unequal  Diftances  IK,  IS,  from 
the  Eye  produce  I G  and  I  H  till  they  inter- 
1  fed  A  B,  each  way  produced  in  T  and  V, 

1  Then  will  T  V  be  the  apparent  Magnitude  of 
]  GH,  at  the  Diftance  I K.  Since  the  Trian- 
!  gles  ISG  and  IKT  are  fimilar,  we  fhall  have 
IS:IK::SG:KT;  but  SG  is  equal  to  AK; 
therefore  it  will  be  I S  :  I K  : :  A K  :  KT. 

10.  From  what  has  been  faid  it  appears, 
that  there  is  no  Standard  of  the  true  Magni¬ 
tude  of  Things.  All  that  we  can  be  fenfible 
of  is  the  Proportion  of  Magnitude.  And  yet, 
notwithftanding  the  fenfible  Magnitude  of 
things  is  ever  mutable,  and  varies  in  propor¬ 
tion  to  the  Diftance,  we  fearcely  ever  judge 
any  thing  to  be  fo  great  or  fmall  as  it  appears 
to  be,  or  that  there  is  fo  great  a  Difparity  in 
the  vifible  Magnitude  of  two  equal  Bodies  at 
different  Diftances  from  us. 

K  4  11.  Thus 
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11.  Thus  for  Inftance.  Suppofe  two  Men 
of  fix  Feet  Stature  each,  {land  diredly  before 
a  Perfon,  one  at  the  Diftance  of  one  Rod,  the 
other  at  the  Diftance  of  an  100.  We  fhould, 
indeed,  obferve  a  Difference  in  their  apparent 
Bignefs,  but  fhould  hardly  think  one  appear¬ 
ed  an  100  times  greater  or  lefter  than  the 
other  ;  or  that  one  appeared  6  Feet  high,  the 
other  not  J  of  an  Inch. 

12.  But  this  happens  from  our  Prenotions, 
or  Judgment,  that  we  have  beforehand  form¬ 
ed  of  things.  We  know  the  Proportions  of 
Magnitudes  in  general,  and  are  apt  to  retain 
the  Ideas  of  things  we  know  to  be  true ;  and 
to  prefer  them  to  others  which  are  prefented 
by  the  Senles,  and  exift  there  only,  and  not 
in  the  true  Relations  of  things. 


CHAP. 


[  *53  ] 

I 


CHAP.  III. 

Of  the  Faults  or  DefeSls  of  Vi f  on ^  and 
how  they  are  remedied  by  Convex  and 
Concave  Lenfes  in  SpeSlacles . 


i. 


T  has  been  already  {hewn,  that  in  order 
JL  to  effedt  perfedt  and  diftindt  Vifion,  the 
Images  of  Objedts  are  to  be  painted  precifely 
on  the  Retina ,  in  the  Fund  of  the  Eye,  and 
that  by  Rays  which  are  either  parallel,  or 
nearly  fo,  in  a  natural  and  good  Configuration 
of  the  Eye. 

2.  But  as  it  often  happens,  (for  Nature  her 
felf  is  not  ever  uniform  to  a  Mathematical 
Nicety)  that  the  Form  of  the  Eye,  but  prin¬ 
cipally  of  the  Cryftalline  Humour,  is  fuch, 
that  it  is  either  a  little  lefs  or  more  Convex  than 
is  juft-,  fo  of  Confequence  the  Focus,  or  Place 
where  the  Images  of  Objedts  are  formed,  will 
be  a  little  beyond  or  behither  the  Bottom  of 
the  Eye,  which,  in  either  Cafe,  will  prevent 


the  Perfedtion  of  Vifion,  and  render  it  indi- 
ftindt  and  confufed. 

3.  This  Imperfedtion  of  Vifion  is,  in  a 
great  Meafure,  remedied  by  the  Succours  of 
Art:  For  if,  by  a  vicious  Formation  of  the 
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Eve,  the  Focus  be  made  to  fall  on  this  or  on 
-  that  Side  the  Retina ,  yet  Glafles  may  be  form¬ 
ed  to  fuch  a  Degree  of  Convexity  or  Conca- 


tinay  and  thereby  caufe  diftinCt  Vifion. 

4.  Thus  fuppofe  the  Cornea  CD,  (See 


v  Fig.  6.)  or  the  Cryftalline  EF,  or  both,  fhould 
chance  to  be  too  fiaty  either  from  Nature,  or 
(what  is  moft  common)  from  a  Deficiency  of 
the  Aqueous  Humours  through  Age,  in  PreJ* 
bytee,  or  Old  Men ,  fo  that  the  Rays  which 
proceed  from  any  Point  A,  are  made  to 
converge  at  a  Point  a,  beyond  the  Eye,  and 
thus  caufe  a  confufed  and  imperfeCl  Vifion ; 
I  fay,  this  Imperfection  is  cured,  in  a  good 
Meafure,  by  Convex  Lenfes  in  Spectacles. 

5.  For  from  what  has  been  fhewn  of  Convex 
Lenfes,  it  is  evident,  (1.)  That  Rays  coming 
from  a  diftant  Point  A,  and  fall  diverging  ott 
a  Convex  Lens  G  H,  are  thereby  made  to 
proceed  lefs  diverging  than  before.  (2.)  Thofe 
Rays  which  are  lefs  diverging,  have  their  Fo¬ 
cus  nearer  to  the  Lens,  than  thofe  which  are 
more  fo.  Confequently  the  Rays,  which  pro¬ 
ceed  from  the  Point  A,  are  by  the  Interpofi- 
tion  of  the  Convex  Lens  G  H,  juft  before  the 
Eye,  made  to  fall  lefs  diverging  on  the  Cry- 
ftalline  EF,  and  therefore  will  be  converged 
to  a  Point  b,  nearer  thereto  than  the  Point  a; 
and  the  Convexity  of  the  Lens  G  H  may  be 

1  c  flich, 
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fucb,  that  the  Point  b  (hall  be  precifely  on 
the  Retina ,  and  fo  caufe  diJlinCt  Vijion. 

6.  For  this  Reafon  Prejbytce ,  or  old  People, 
always  make  ufe  of  Lenfes  more  or  lefs  convex 
in  their  Spectacles,  as  their  Eyes  are  flatter 
or  rounder.  And  here  it  is  to  be  obferved, 
that  Objects  appear  brighter ,  as  well  as  more 
diftinCt,  by  means  of  Convex  Lenfes ;  for  as 
much  as  they  bring  the  Diverging  Rays  nearer 

:  together,  fome  which  otherwife  would  have 
i  fallen  without  the  Pupil,  will  now  be  brought 
within  the  Compafs  thereof,  and  fo  a  greater 
'  Quantity  of  Rays  entering  the  Eye,  the  Ob¬ 
ject  will  appear  more  bright . 

7.  Again,  we  farther  obferve,  that  Objects 
1  feen  by  Spectacles  of  Convex  Lenfes^  appear  to 
5  be  more  diflant  than  they  really  are .  For  the 
I  Rays  which  come  from  the  Point  A,  being 
I  by  the  Lens  GH  made  to  proceed  lefs  di- 
1  verging,  they  will  appear  to  come  from  the 
I  Point  B,  which  is  farther  off,  becaufe  Rays, 

as  they  are  more  or  lefs  divergent  at  the  Eye, 
come  from  ObjeCts  which  are  nearer  or  far¬ 
ther  diftant  from  the  Eye. 

8.  Hence  alfo  the  Reafon  is  evident,  why 
the  older  Men  grow,  the  more  they  lofe  a 
diftinCt  Vifton  of  near  ObjeCts;  fo  that  very 

]  flat  Eyes  can  fee  only  diftant  ObjeCts  without 
Confuflon:  For  when  in  Youth  the  Eye  was 
fo  convex,  as  to  form  an  Image  of  nigh  Ob¬ 
jects  on  the  Retina ,  in  Age  that  Convexity  of 
the  Eye  diminishing,  will  caufe  the  Images 

of 
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of  the  fame  Objects  to  be  painted  at  a  Focus 
farther  from  or  behind  the  Retina -y  and  thofe 
Qbjefe  only  which  are  at  a  great  Diftance, 
will  have  their  focal  Diftance  fhort  enough  to 
fall  on  the  Retina  ;  and  fo  thefe  only  can 
produce  dijlinbl  Vijion. 

9.  On  the  other  hand,  if  the  Cornea  CD, 
or  Cryftalline  EF,  or  both,  (See  Fig.  7.)  be 
more  convex  than  juft,  the  Rays  which  pro¬ 
ceed  from  a  Point  A,  will  be  made  to  con¬ 
verge  too  foon;  that  is,  to  a  Point  a,  which 
is  between  the  Cryftal  Lens  EF,  and  the  Re¬ 
tina  \  and  therefore  rauft  needs  produce  a 
confuted  Vijion .  A  Perfon  who  hath  thefe;< 
Eyes,  is  called  My  ops ,  i.  e.  Moufe-ey’d ;  but! 
he  is  vulgarly  faid  to  be  purblind ,  or  jhort — 
Jightcd. 

10.  He  is  with  good  Reafon  faid  to  be:l 
Jhort-jighted ;  for  fince  all  diftant  Objects  have:| 
the  fhorteft  focal  Distances,  and  fo  have  theiri 
Images  formed  fhort  of  the  Retina ,  they  muft:| 
needs  appear  indiftindt  and  confufed.  There- 1 
fore  only  thofe  Objects,  which  are  at  a  fhortll 
or  near  Diftance,  can  produce  dijli?i£l  Vijion  y\ 
and  that  they  do  by  having  a  longer  focal  Di-  ] 
ftance,  and  fo  reach  the  Retina  before  theirti 
Images  are  formed. 

1 1.  A  My  ops  hath  his  Imperfe&ion  of  Sight) 
greatly  relieved  by  Concave  Lenfes .  For  fince  g 
Rays,  which  fall  divergent  on  fuch  a  Lens, 
are  made  to  diverge  the  more  by  Refradtionr 
through  it;  therefore  the  Rays  which  come: 
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from  any  diftant  ObjeCt  A,  in  pafling  through 
the  Concave  Lens  G  H,  are  made  to  fall  more 
diverging  on  the  Eye  C  D,  and  feem  to  pro¬ 
ceed  from  a  Point  B,  much  nearer  the  Eye 
than  the  real  Point  A.  Since  therefore  the 
Radiant  Point  is  brought  nearer  to  the  Eye, 
it’s  Focus  in  the  Eye  will  be  removed  farther 
from  the  Lens  E  F,  and  fuch  Glades  may  be 
chofen  as  (hall  exaCtly  throw  the  Focus  on 
the  Retina  at  b,  and  there  produce  dijlinffi 
Vijion. 

12.  From  hence  we  obferve,  that  My  ops , 
or  purblind  People,  ufing  Spectacles  with  Con¬ 
cave  Lenfes,  (1.)  Do  behold  things  at  a  nearer 
Dijlance  than  they  are .  (2.)  That  Objects  ap¬ 

pear  lefs  bright  to  them ;  for  the  Rays  being 
fpread  wider  by  the  Lens,  they  cannot  enter  the 
Pupil  in  fo  great  a  Quantity  as  otherwife,  and 
fo  the  ObjeCt  cannot  be  fo  much  enlightened. 
(3.)  Their  Eyes  are  amended ,  and  made  better 
by  Age ,  contrary  to  what  happens  to  all  other 
People.  For  as  the  Fault  of  their  Eyes  pro¬ 
ceeds  from  a  too  great  Protuberance  of  the 
;  Cornea ,  and  Cryftalline  Humour  3  fo  this  and 
the  Aqueous  Humour  ieflening  by  Age,  di- 
minifhes  the  Convexity  of  the  Eyes  by  De¬ 
grees,  and  renders  them  capable  of  viewing 
diftant  Objects  better  and  better. 


CHAP. 
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CHAP.  IV. 

I 

Of  the  Camera  Obfcura,  or  darkened 
Chamber ,  and  the  Infruments  per¬ 
taining  thereto ;  by  which  Means  the 
ImageSy  or  Pi&ures  of  external  Ob - 
jeElsy  are  curioufy  painted  in  their 
natural  Colours  and  Motions . 

i.  r|  ^  H  E  Words  Camera  Ob  four  a,  literally 
JL  interpreted,  is  a  darkened  Vault  or 
Roof  y  and  from  thence  it  came  (with  a  little 
Difference)  to  fignify  a  Chamber ,  or  Box,  or 
any  Place  made  dark  for  Optical  Experiments . 

2.  The  Camera  Obfcura  is,  tho’  a  Ample, , 
yet  a  very  curious  and  noble  Contrivance ;  in 
as  much  as  it  mo  ft  clearly  and  naturally  ex— 
plains  the  Nature  and  Manner  of  Vifion  in, 
the  Eye,  and,  at  the  fame  Time,  entertains; 
the  Spectator  with  a  moft  exquifite  Pidture  of: 
the  Objects  without,  in  their  natural  Propor¬ 
tions,  Colours,  and  Motion,  more  vivid  and; 
beautiful  than  the  Life  it  felf;  filling  the  Be¬ 
holder  with  Delight  and  Surprize. 

3.  The  Way  of  making  a  dark  Chamber' 
is  very  eafy,  and  not  expenfive,  and  is*asi 

follows# 


The  Theory  of  Dioptrics.  159 

follows.  The  Chamber  or  Room  propofed  to 
be  darkened,  ffiould  have  Window-Shuts  to 
each  Window,  which  being  clofe  (hut,  fhould 
be  fo  true  to  the  Frame,  as  to  exclude  all 
Light  poffible. 

4.  In  one  of  the  Window-Shuts  there  is  to 
be  a  circular  Hole  cut,  about  3  or  4  Inches 
Diameter,  in  fuch  a  Part  thereof,  as  is  judged 
moft  convenient,  and  capable  of  taking  in  a 
good  View  or  Profped  of  external  Objects. 

5.  In  this  Hole  is  placed  an  Instrument 
!  1  called  a  Scioptric  Ball ,  which  hath  three  Parts, 
n  viz.  A  Frame,  a  Ball,  and  a  Lens.  The 

Frame  confifteth  of  two  circular  Pieces  of 
Wood,  made  fpherically  hollow  through  the 
!  1  middle,  and  fcrew  into  each  other.  In  this  hoi- 
i  1  low  Part  is  placed  a  fpherical  Ball  of  Wood,  con¬ 
tained  by  the  two  Parts  of  the  Frame  fere  wed 
^together,  and  is  voluble  therein  more  or  lels 
heafily,  as  the  two  Parts  of  the  Frame  are 
ferewed  lefs  or  more  tight  together.  In  this 
,  Ball  is  a  circular  Hole  made  throJ  the  middle, 

:  which  hath  a  Screw  at  each  End,  in  which 
!  is  placed  and  fixed  a  Lens,  either  a  Double  or^ 
! 1  Plano-Convex , 

6.  The  Scioptric  Ball  of  this  Strudure,  is 
:  a  Sort  of  Artificial  Rye,  which  very  aptly  re- 
:  prefents  the  Natural  Eye  in  Form  and  Office. 

For  (1.)  The  Fra?ne  or  Socket  anfwers  to  the 
Orbit  of  the  Natural  Eye .  (2.)  The  Wooden 

Ball ,  which  turns  every  Way  in  the  Frame, 
i  refembles  the  (5 lobe  of  the  Eye  voluble  every 
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Way  in  it’s  Orbit.  (3,)  The  Hole  through 
the  Wooden  Ball ,  represents  the  Pupil  of  the 
Eye.  (4.)  The  Convex  Lens  in  the  Ball,  cor- 
refponds  to  the  Cryjlalline  Humour  in  the  Eye 
(5.)  The  Dark  Chamber  it  felf,  is  like  to  the 
internal  Part  of  the  Eye,  which  is  lined  al 
about,  and  under  the  Retina ,  with  a  Mem-  j 
brane,  over  all  which  is  fpread  a  Mucus  of  a 
very  black  Colour.  (6.)  The  White  Wall ,  01 
Frame  of  white  Paper  to  receive  the  Pidure ; 
of  Objeds  on  in  a  dark  Chamber,  is  the  true 
Reprefentation  of  the  Retina  in  the  Eye. 

7.  So  that  the  Structure  of  the  Scioptric 
Ball  and  the  Eye  is  perfedly  fimilar ;  and  the 
fame  Agreement  will  be  found  in  the  Offices 
of  every  Part  of  each.  For  (1.)  The  Frame 
of  the  Scioptric  Ball  is  fere  wed  or  tacked  up¬ 
on  the  Hole  in  the  Window-Shut,  as  the  Eye 
is  fattened  within  it’s  Orbit  by  Mufcles.  (2.) 
The  Ball  is  voluble  in  the  Frame  every  Way, 
to  take  in  a  View  of  Objeds  on  every  Side,  as 
the  Eye  is  in  it’s  Orbit.  (3.)  The  Hole  in 
the  Ball  is,  for  the  Admiffion  of  a  competent 
Quantity  of  Rays,  as  is  the  Pupil  in  the  Eye., 
(4.)  The  Lens  in  the  Ball  colleds  the  Rays, 
and  unites  them  at  it’s  focal  Diftance,  where: 
it  makes  a  Pidure  of  the  external  Objed  placed: 
before  it  5  which  is  the  Office  of  the  Cryftal- 
line  Humour  in  the  Eye.  (3.)  The  white: 
Wall  or  Paper,  held  in  the  Focus  of  the  Lensi 
in  the  Chamber,  is  to  receive  and  {hew  then 
faid  Pidure  of  Objeds  to  Spedators;  as  then 

Retina  1; 
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Retina  prefents  to  the  Mind  a  View  of  the 
Picture  made  on  it  by  the  Eye.  (6.)  The 
Chamber  is  made  dark  to  render  the  Pidture 
vifible  5  as  for  the  fame  Reafon,  the  internal 
Part  of  the  Eye  is  furnifhed  with  a  black 
lining. 

8.  I  fhall  give  an  Illuftration  of  this  Matter 
in  a  curious  Scheme,  which  I  have  borrow¬ 
ed  from  Dr  ’sGravefande,  (See  Fig.  i.  Plate 
XXIII.)  where  EF  reprefents  a  darkened 
Room  or  Chamber  $  in  one  Side  thereof  I  K 
is  made  the  circular  Hole  V  5  in  which,  on 

|  the  In  fide,  is  fixed  the  Scioptric  Ball  3  at  fome 
1  confiderable  Diftance  is  exhibited  a  Profpedt 
or  Landfkip  of  Houfes ,  Trees,  &c.  ABCD. 
The  Rays  which  pafs  from  this  Profpedt  to 
the  Lens  V  in  the  Ball,  are  by  it  converged  to 
their  refpedtive  Foci ,  on  the  oppofite  Wall  or 
i  Side  of  the  Chamber  G  H,  where  they  all  to¬ 
gether  paint  a  mod  lively  and  beautiful  Pic- 
|  ture  of  all  the  Objedts  in  the  fa  id  Profpedt. 

9.  This  is  Nature’s  Art  of  Painting ,  and 
it  is  with  Eafe  obferved,  how  infinitely  fupe- 
rior  this  is  to  the  fineft  Performance  of  the 
\  Pencil.  For,  (1.)  You  have  here  the  Per - 
fpedive  in  Perfection 3  that  is,  the  juft  Dimi¬ 
nution  of  Objedts  proportionate  to  the  Diftan- 
ces,  or  the  Proportion  of  the  Images  to  the 

:  refpedtive  apparent  Magnitudes  of  the  Objedts 
;  to  an  Eye  at  V.  (2.)  The  Colouring  is  here 
perfedtly  and  natural \  and  not  only  that, 
but  very  much  heightened,  and  rendered  more 

L  beautiful  1 
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beautiful ;  thus  green  Objedls  appear  more  in* 
tenfely  green  in  the  Pidture;  yellow,  red ,  blue, 
or  white  Flowers,  appear  incomparably  more 
beautifully  fo  in  the  Pidture.  (3.)  The  Lights 
and  Shadows  are  not  only  perfectly  juft,  but 
alfo  greatly  heightened,  and  make  the  Images 
appear  extremely  prominent  and  natural.  (4.) 
The  Motions  of  all  the  Objedts  are  exadtly  ex- 
prefled  in  the  Pidture ;  the  Leaves  quiver ,  the 
Boughs  wave ,  the  Birds  fly,  the  People  walk, 
the  Cart  is  drawn,  the  Smoke  afcends,  the 
Clouds  foar,  the  Ships  fail,  &c.  and  all  as 
natural  as  the  Life,  and  much  quicker,  as  it 
is  performed  in  a  leffer  Scene. 

10.  Thefe  are  the  inimitable  Perfe&ions  of 
a  Picture  drawn  by  Nature's  Hand  5  in  Com- 
parifon  of  which,  how  mean,  how  coarfe, 
how  imperfedl,  yea,  what  forry  daubing  is  the 
fineft  artificial  Painting !  Seledt  the  peculiar 
Excellencies  of  the  principal  Artifts,  the  jujl 
Proportions  of  Raphael,  the  natural  Lints  of 
Pitian,  the  pure  Stile  of  Corregio,  the  Deco -• 
rum  of  Pibaldi,  the  L err  our  of  M.  Angelo , 
the  Air  of  Guido $  the  Pfigning  of  the  Ro¬ 
mans,  the  Shadowing  of  the  Venetians,  and. 
the  Colouring  of  the  Lombards ,  all  united: 
would  be  unable  to  effedt  fo  finifhed  a  Piece, 
in  any  Branch  of  their  Art,  as  Nature  can 
exhibit  with  a  Jingle  Lens  only.  The  Camera 1 
Ob fcur a  is,  at  the  fame  Time,  the  Painters 
Aid  and  Reproach ;  from  hence  he  receives  1 
the  beft  Inftrudtions;  from  hence  he  learns k 

his  1 
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his  Imperfections ;  here  he  views  what  he 
ihould  do,  and  knows  it  is  what  he  cannot 
do. 

11.  There  is  one  thing  which  may  be 
thought  an  Imperfection  in  the  Picture  of  a 
Dark  Chamber,  and  that  is,  the  inverted  Po - 

|  fition  of  the  Images  $  but,  ftriCtly  fpeaking, 
this  is  not  fo,  becaufe  Nature  has  furnifhed  us 
with  feveral  Methods  to  make  the  Picture 
ereB.  For  if  it  be  a  Sheet  or  Frame  of  Pa¬ 
per  which  receives  the  Picture,  it  is  but  hold- 
1  ing  it  before  you,  and  looking  downwards  on 
I  it,  and  every  thing  is  right.  Or  if  you  ftand 
before  the  Picture,  take  a  Looking-Glafs ,  and 
hold  it  againft  your  Bread:  under  an  acute 
!  Angle,  and  looking  therein  you  will  fee  all 
1  the  Images  of  the  Picture  reftored  to  their 
natural  or  ereCt  Pofition  ;  and  not  only  fo, 
i  but  the  Reflection  of  the  Mirrour  will  give  it 
fuch  a  Glare  or  Luftre,  as  makes  it  feem  very 
ni  furprizing  and  delightful.  This  may  like  wife 
i  be  done  by  placing  a  large  Concave  Mirrour 

I  before  the  Picture  at  fuch  Diftance,  that  the 
Image  of  the  PiCtu  e  may  appear  before  the 
Mirrour,  which  will  then  be  ereCt  and  pen- 

I I  dant  in  the  Air. 

12.  There  is  another  Method  of  ereCting 
1  the  Images  on  the  Picture,  and  more  direct 
ithan  any  of  the  foregoing,  but  yet  is  neither 
fo  eafy  to  be  done,  nor  fo  good,  if  it  be  done, 
as  it  is  by  them ;  and  that  is  by  placing  ano- 

i  ther  Convex  Lens  behind  the  Paper  or  Parti- 

L  2  tion* 
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lion,  which  receives  the  firft  Pidure  at  twice 
the  focal  Diftance  of  the  faid  Lens;  if  then 
a  Hole  be  made  in  the  Partition  to  permit  the 
Rays  to  pafs  on  to  the  fecond  Lens,  ( which  1 
muft  be  placed  in  the  Axis  of  the  firft)  there 
will  be  a  Picture  formed  thereby,  wherein  the 
Images  will  be  erett^  and  as  large  as  in  the 
firft,  but  not  fo  bright,  nor  will  the  Field  or 
Extent  of  the  Pidure  be  confiderable ;  and 
therefore  as  this  Method  is  feldom  practicable, 
fo  it  is  as  little  worth  while, 

13.  In  making  a  Dark  Chamber,  the  Glafs: 
fhould  not  have  too  fmall  nor  yet  too  larger 
a  focal  Diftance.  For  if  it  be  too  fhort,  the: 
Images  will  be  very  fmall,  and  not  diftindi 
and  difcernable,  and  will  be  fo  near  the  Win¬ 
dow,  that  there  will  not  be  Room  for  a  Per- 
fon  to  ftand  to  view  it.  The  Lens  fhould: 
have  it’s  Focus  at  three  Foot  diftance  at  leaft. 

14.  On  the  other  hand,  the  focal  Diftance\ 
of  the  Lens  fhould  not  be  too  large ;  for  if  it! 
be  larger  than  the  Diftance  of  the  oppofite; 
Wall,  your  Defign  will  be  fruftrated,  as  you;, 
can  have  nothing  to  receive  the  Pidure  upon. 
And  if  your  Room  or  Chamber  be  very  large, 
yet  will  the  Pidure  be  faint,  and  the  Images 
lefs  pleafing  on  a  double  Account.  For,  (1.) 
The  focal  Diftance  being  very  great,  the 
Images  will  be  proportionally  large,  and  there¬ 
fore  the  more  faint  and  obfcure.  (2.)  The 
larger  the  focal  Diftance,  the  larger  the  Dia-^ 
meter  of  the  Lens,  or  the  Hole  in  the  Scioptric 
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Ball ,  which  therefore  will  admit  too  much 
Light,  for  the  Chamber  to  be  fufficiently  dark 
for  viewing  the  Pidure ;  and  if  you  make 
the  Plole  fmaller,  there  will  not  enter  Light 
1  enough  to  make  the  Images  vifible  at  fo  great 
a  Diftance. 

15.  The  Focus  then  fhould  not  be  at  a  lefs 
!  Diftance  than  3  Feet,  nor  at  a  greater  than 
15  or  20  at  fartheft;  and  thofe  from  6  to  12 
are  by  much  the  beft  of  any.  If  it  happens 
that  your  Lens  be  too  fhort  a  focal  Diftance, 
j  you  may  magnify  the  Images  to  almoft  what 
I  Degree  you  pleafe,  by  viewing  the  Pidure 
i  with  a  large  Convex  Lens  in  your  Hand  ; 

by  this  means  you  may  fupply  the  Want  of 
1  Lenfes  of  diftant  Foci,  which  are  very  fcarce 
.1  and  dear  5  and  thus  a  Lens  of  5  Feet  may 
be  made  to  anfwer  the  End  of  one  of  15 
:  Feet. 

1  16.  A  Dark  Chamber  ought  never  to  be  at- 

>  tempted  but  when  the  Sun  Jhines  5  for  it  is  ne- 
ceffary  the  Objeds,  which  are  intended  to  make 
your  Landfkip,  fhould  be  ftrongly  illuminated 
j  by  the  Sun-Beams ;  otherwife  the  Pidure, 

}  which  ought  to  be  vivid,  bright,  and  beauti- 
j  ful,  will  appear  obfcure,  dull,  and  of  a  dirty 
I  Hue ;  as  the  Objeds  themfeives  would  appear 
by  Twilight 

17.  Whence  it  follows,  that  a  South  Win - 
I  dow  is  never  to  be  ufed  for  this  Purpofe;  be- 
| !  caufe  the  Sun  can  never  enlighten  the  North 
;  Side  of  the  Objed,  which  alone  can  be  taken 

L  3  in 
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in  by  a  South  Window.  Befides,  the  Sun  in 
this  Cafe  would  be  apt  to  (hine  on  the  Glafs, 
which  would  make  the  Pidure  appear  with 
a  falfe  or  confufed  Luftre,  and  therefore  you 
ought  to  be  very  careful  always  to  avoid  that 
thing's  happening. 

1 8.  An  Eaji  Window  will  do  very  well  in 
the  Afternoon ,  as  a  W ejiern  will  for  the  Morn¬ 
ing  \  but  none  is  fo  good,  or  will  make  fo 
noble  and  glorious  a  Picture  as  a  North  Win¬ 
dow  about  Noon ;  for  then  the  Sun  being  in 
his  Meridian  Height,  and  Shining  with  the 
greateft  Strength  and  Splendor  poffible,  the 
Fixture  made  in  Such  a  Cafe  will  far  exceed 
all  others  in  Vivacity ,  Beauty ,  and  Lujlre . 

19.  This  noble  Experiment  is  not  only  ad¬ 
mirably  pleafing  and  delightful  in  it  felf,  but 
alfo  very  ufeful  for  many  Purpofes  of  Bufi- 
nefs,  principally  with  Refped  to  Perjpedtive , 
Painting ,  Dejigning ,  &c.  For  whatsoever  is;: 
to  be  drawn  ox  painted,  if  it  be  fir  ft  expofed 
to  the  Scioptric  Bail ,  the  Perfpedive  thereof: 
will  be  truly  formed,  and  the  Lights  and! 
Shadows  for  every  Pofition,  and  Adion  ofil 
the  Gbjeds,  will  be  reprefented  juft  as  they^ 
ought  to  be  in  the  Images  of  the  Pidure.  Inc 
Snort,  the  Camera  Objcura  is  the  School  in r 
which  every  Dejigner  and  Painter  ought  toi: 
learn  the  firft  Rudiments  of  his  Art.  He  cant 
never,  without  this  dark  Education,  turn  outf 
a  bright  Proficient.  No  Inftrudions  can  come 
up  to  thofe  of  Nature  5  her  Leffons  are  all  per- 

3  -  s  ,  fed' 
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fed  Patterns  and  Enfamples,  and  every  one  ex¬ 
cels  in  Painting  and  Drawing  fo  much  the  more, 
by  how  much  the  truer  he  copies  after  them. 

20.  And  another  great  Convenience  is,  that 
1  the  Pidure  of  Objeds  may  be  made  of  any 

Size  you  pleafe,  either  lefs  or  greater  than  the 
!  Life,  if  the  Objeds  be  moveable.  For  if  you 
place  the  Objed  farther  from  the  Ball  than 
twice  the  focal  Length  of  the  Lens,  the 
|  Images  will  be  lefs  than  the  Objed ;  if  they 
are  placed  at  juft  twice  the  focal  Length  of 
;  the  Lens,  the  Images  will  be  juft  as  big  as  the 
j  Life ;  if  they  are  placed  nearer,  the  Images 
j  will  be  greater  than  the  Life*  all  which  is 
manifeft  from  the  Theory,  and  which  I  have 
:  before  obferved  in  the  pradical  Part. 

21.  Alfo  for  immoveable  Objeds,  as  thofe 
j  of  Houfes,  Gardens,  Fields,  Trees,  &c.  if 
1  you  have  different  Lenfes,  you  may  form  the 

Pidure  of  fo  many  different  Sizes,  the  ilhorter 
I  Focus  making  the  leffer  Pidure,  and  the  larger 
j  Focus  the  largeft.  But  thefe  Matters  are  fo  ob¬ 
vious,  that  I  need  not  farther  inlift  on  them. 

22.  But  the  Ufe  of  the  Camera  Objcura 
does  not  reft  in  Drawing  and  Painting ;  but 

!  the  Optician  himfelf  is  greatly  interefted  there¬ 
in.  By  this  grand  Experiment  he  demon- 
;  ftrates  ocularly  the  Principles  of  his  Art.  For 
by  admitting  the  Sun-Beams  thro'  the  Hole 
I  of  the  Window-Shut  into  the  darkened 
Chamber,  he  can  adually  fhew  the  Focus  of 
|  Parallel  Rays  by  Refledion  from  Concave 

L  4  Mirrours, 
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Mir r ours ,  and  by  Refraction  through  Convex 
Lenfes ,  to  be  juft  as  the  Theory  defines  them, 
by  holding  thofe  Glaffes  in  the  faid  Beams. 
Thus  alfo  he  (hews,  that  the  Sun’s  Rays,  after 
Reflection  from  Convex  Mirrours ,  and  after 
RefraCtion  through  Concave  Lenfes ,  are  ever 
made  to  diverge  agreeable  to  the  Theory  of 
Parallel  Rays. 

23.  Again,  by  holding  a  large  Convex  Lens 
in  the  Sun’s  Rays,  he  can  by  that  means  pro¬ 
duce  Diverging  and  Converging  Rays  in  any 
Degree,  and  To  can  prove  the  Truth  of  all 
thofe  Properties  of  Convex ,  Concave ,  and  Me- 
nifcus  Glaffes,  with  refpeCt  to  thefe  Rays,  as 
the  Theory  teaches.  Alfo  the  Ratio  or  Pro¬ 
portion  of  the  Sines  of  the  Angles  of  Incidence , 
and  RefraCtion  in  Water,  Oil,  Glafs,  &c.  is 
eafily  proved  to  be  as  it  is  ftated. 

24.  The  Reafon  and  Nature  of  felefcopes 
and  Microfcopes  is  demonftrated  to  the  Senfes 
hereby ;  for  if  the  Glaffes  in  either  be  taken 
out  of  the  Tubes,  and  fixed  at  their  proper 
Diftances,  on  a  (trait  Piece  of  Wood,  To  that 
the  Sun  Beams  fail  direCtly  and  fully  on  the: 
ObjeCt-Glafs,  you  will  then  fee  the  Forms, 
they  take  in  their  Courfe  thro’  the  Glaffes . 
fixed  at  their  proper  Diftances,  to  be  fuch  as; 
the  Theory  points  out,  and  are  neceffary  to  1 
anfwer  the  Purpofes  of  thefe  Inftruments. 

25.  But  in  making  Experiments  with  the  ! 
Sun-Beams  in  a  Dark  Chamber,  fince  thofe: 
Rays  fall  with  great  Obliquity,  efpecially  in 

the 
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the  Summer-Time,  and  fo  the  more  inconve¬ 
nient  for  Ufe,  the  beft  Way  is  to  fix  a  fmall 
Plain  Mirrour  to  the  under  Part  of  the  Frame 
of  the  Scicftric  Ball,  immediately  next  the 
Ball  itfelf,  by  a  Hinge,  that  by  moving  up 
and  down  it  may  receive  and  refled:  the  Sun- 
Beams  in  any  Diredion  whatfoever  ;  and  as 
by  this  Contrivance  they  may  be  made  pa¬ 
rallel,  it  will  be  found  extremely  ufeful  and 
expedient  on  many  GccafionS. 

26.  If  the  Mirrour  be  fixed  to  the  Ball  it 
felf,  then  may  the  Cylinder  of  Rays  be  not 
only  caft  in  any  Diredion,  but  alfo  to  any 
Part  of  the  Room,  than  which  nothing  can 
be  more  ufeful,  as  I  have  found  in  number- 
lefs  Cafes,  having  made  this  Addition  to  one 
of  my  Scioptric  Balls . 

27.  One  great  Ufe  of  the  Camera  Obfcura, 
is  the  eafy  Method  it  fupplies  of  meafuring 
the  focal  Length  of  any  Lens  cr  Mirrour ; 
which  otjierwife  is  many  Times  very  difficult 
to  be  determined.  This  Matter  is  extremely 
eafy  and  certain  for  Convex  Lenfes  and  Con¬ 
cave  Mir r ours,  becaufe  they  have  a  real  and 
very  vifible  Focus;  and  therefore  fetting  one 
End  of  a  Rule  on  the  Lens,  the  Diftance  of 
the  Focus  is  feen  on  the  Rule  in  Feet,  or 
Inches,  and  Decimal  Parts  of  an  Inch. 

28.  But  with  refped  to  a  Convex  Mirrour 
or  Concave  Lens,  which  have  no  real  Focus, 
it  will  be  eafy  to  find  the  Diftance  of  the 
virtual  Focus  thus:  Defcribe  a  Circle,  fuppofe 

of 
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of  3  Inches  Diameter,  on  a  Piece  of  clean 
white  Paper ;  hold  this  Paper  diredlly  behind 
the  Concave  Lens  in  the  Rays,  and  move  it 
to  and  from  the  Lens  till  the  circular  bright 
Spot  of  the  Diverging  Rays  exadlly  till  the 
Circle  on  the  Papei\  then  meafure  the  Di- 
ftancc  of  the  Paper  from  the  Lens,  and  alfo 
the  Diameter  of  fo  much  of  the  Lens  as  is 
concave  ;  then  multiply  the  Difiance  ofi  the  Pa¬ 
per  by  the  Diameter  of  the  Concavity ,  and  di¬ 
vide  that  Product  by  the  Difference  between  the 
Diameter  of  the  Circle  on  the  Paper  a?id  Con¬ 
cavity  ofi  the  Lens ,  the  Quotient  will  be  the 
DifaiKe  of  the  virtual  Focus  of  the  Lens .  In 
the  fame  Manner  the  faid  Focus  is  found  for 
a  Convex  Mirrour. 

29.  Another  grand  Experiment  of  the  Dark 
Chamber,  is  fewing  the  Spots  on  the  Suns 
Difk .  This  is  eafily  done,  by  putting  the 
Objehl  Glafs  of  a  10  or  12  Foot  Telefcope  in¬ 
to  the  Scioptric  Ball ,  which  turn  about  till  it 
be  filled  with  the  Sun’s  Rays,  then  holding  a 
Sheet  of  white  Paper  in  the  Focus  of  the 
Lens,  you  will  fee  a  mod  exceeding  fair  and 
bright  Image  of  the  Sun  formed  on  the  Paper 
of  about  an  Inch  Diameter,  in  which  the 
Spots  on  the  Sun’s  Surface  will  be  very  di- 
ftinftly  feen,  and  will  afford  a  very  pleating 
Spectacle.  This  Image  is  rather  too  bright  to 
be  viewed  without  Offence  to  the  Eyes ;  and 
therefore  fliould  be  viewed  through  a  large 
Lens  of  about  6  or  8  Inches  focal  Diftance, 

which 
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which  will  magnify  both  the  Image  and  it's 
Spots  to  a  very  great  Advantage. 

30.  The  Dark  Chamber  might  alfo  be  made 
to  anfwer  the  End  of  a  nocturnal  or  aerial 
L’elefcope ;  for  if  an  Objedt  Lens,  whofe  fo¬ 
cal  Diftance  is  12,  15,  or  20  Feet,  were  fixed 
in  the  Ball,  it  would  give  a  large  Image  of 
the  Moon,  and  a  fmall  one  of  Venus ,  Jupiter y 
and  Saturn ,  which  may  be  fo  far  magnified 
by  one  or  more  fmall  Lenfes,  fuch  as  are  the 
Eye-GIafles,  that  the  Phafes  of  the  one,  and 
the  Satellites ,  Belts ,  and  Rings  of  the  other 
n>ay,  in  all  likelihood,  be  rendered  vifible 
and  diftindt ;  as  I  have  Reafon  to  think  from 
fome  Experiments  I  have  made  with  Lenfes 
of  a  fhorter  focal  Diftance,  not  having  Room 
to  try  the  larger. 

31.  Divers  Microfcopical  Experiments  are  ^ 
alfo  to  be  exhibited  in  the  Dark  Chamber , 
both  by  Convex  Lenfes  and  Concave  Mir r ours. 
Thus  if  you  fit  a  Tin  or  Paftboard  Tube  into 
the  Hole  of  the  Scioptric  Ball ,  and  make  an 
Aperture  on  each  Side  to  Hide  a  Piece  of 
Glafs  through  freely,  and  then  either  in  or 
upon  this  Tube  you  put  another,  containing 
two  Lenfes  properly  difpofed ;  this  may  be 
moved  backward  or  forward  till  fuch  times 

as  it  gives  clear  and  very  large  Images  on  a 
Sheet  of  Paper,  of  fmall  Objedts  that  are 
ftuck  upon  the  Slip  of  Glafs  aforefaid,  which 
are  ftrongly  illuminated  by  the  Sun-Beams 
pafling  thro'  the  Ball  for  that  Piirpofe. 

32.  The  . 
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32.  The  fame  thing  is  to  be  done  with  a 
Concave  Mirrour ,  thus :  Let  a  Cylinder  of 
Rays  fall  on  a  large  Concave  Mirrour,  fixed 
in  a  Frame  for  that  Purpofe  ;  then  take  the 
Slip  or  thin  Plate  of  Glafs,  and  having  put 
any  fmall  Gbjeds  thereon,  hold  it  in  the  in¬ 
cident  Rays  a  little  more  than  the  focal  Di- 
ftance  from  the  Mirrour;  then  will  you  fee 
on  the  oppofite  Wall  the  Images  of  thofe 
fmall  Gbjeds  very  large,  and  exceeding  clear 
and  bright  among  the  reflected  Rays.  This 
is  a  mod  eafy  and  delightful  Experiment, 
which  I  have  often  tried  with  great  Pleafure 
to  my  felf  and  others. 

33.  The  new  and  noble  Dodlrine  of  Colours , 
and  the  different  Refrangibility  of  the  Suns 
Rays,  were  the  Refult  of  Experiments  by  the 
Camera  Ob  four  a ;  if  you  admit  a  Cylinder  of 
Rays,  about  %  of  an  Inch  Diameter,  into  the 
darkened  Chamber,  and  therein  hold  a  tri¬ 
angular  Glafs  Prifm ,  you  will  find,  by  turning 
it  a  little  upon  it’s  Axis,  the  Place  where  the 
Rays  in  paffing  through  it  will  be  refraded  in 
a  different  Degree,  fome  more,  fome  lefs ; 
and  by  that  means  will  paint  an  oblong  Spec¬ 
trum  or  Image  of  various  Colours  mod  ex¬ 
ceeding  drong  and  vivid ;  and  in  the  following 
Order,  Violet ,  Indigo  Blue ,  Green ,  Yellow , 
Orange ,  and  Red .  This  is  a  mod  furprizing- 
ly  fine  and  agreeable  Phenomenon ,  which,  to¬ 
gether  with  divers  other  Experiments  relating 

thereto, 
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thereto,  is  the  Subject  of  Sir  IJ'aac  Newtons 
Book  of  Optics . 

34.  The  Experiment  of  the  Rain-bow  in 
the  Dark  Chamber  is  very  pleafant,  and  is 
thus  m&de :  Take  a  hollow  Glafs  Globe  and 
fill  it  with  Water,  and  then  hold  it  before 
you  in  the  Cylinder  of  Rays,  moving  it  a  little 
about,  till  you  fee  it  paint  a  fair,  vivid,  and 
large  Iris  or  Bow  on  the  Cieling  above  your 
Head,  or  on  the  Wall  before  you;  the  Co¬ 
lours  of  this  Bow  are  juft  the  fame  as  of  that 
in  the  Clouds ;  it  is  alfo  a  double  Bow,  as 
that  is,  the  upper  one  being  larger  and  fainter 
than  the  minor  one.  In  (hort,  this  is  a  good 
Experiment  towards  explaining  the  Nature 
of  the  Celeftial  Bow. 
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C  H  A  P.  V. 

Of  Microfcopes  in  general ;  of  fingle 
Microfcopes  in  particular ,  made  with 
a  fmall  Lens ,  Spherule ,  or  Mirrour. 

i.  T^  H  E  Word  Microfcope  imports  an  In - 
Jirument  for  viewing  very  fmall  Ob - 
jeBs.  I  have  before  obferved,  that  Nature 
has  fo  formed  the  human  Eye ,  that  we  can’t 
diftindtly  view  an  Objedt  at  a  nearer  Diftance 
than  fix  Inches;  and  fince  there  is  an  Infi¬ 
nity  of  Gbjedts,  which  at  that  Diftance  ap¬ 
pear  either  as  Points ,  or  are  wholly  imper¬ 
ceptible ,  whatfoever  Inftrument  or  Contrivance 
will  render  fuch  minute  Objedts  vifible  and  di - 
ftinft,  we  properly  call  a  Microfcope . 

2.  It  is  ufual  to  fay  that  the  Microfcope 
magnifies  Objebls  feen  through  it ;  but  this  is 
true  only  with  Regard  to  the  apparent,  not 
the  real  Magnitude  of  Objedts;  they  indeed 
appear  to  be  larger  with  than  without  the 
Microfcope,  but,  in  Truth,  they  are  not; 
and  the  Reafon  why  they  appear  to  be  mag¬ 
nified  will  be  eafy  to  apprehend,  by  any  Per- 
fon  who  underftands  what  has  been  delivered 
concerning  the  apparent  Magnitude  of  Objedts 
in  Chap.  II,  hereof. 
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’  3.  For  there  it  was  fhewn,  that  the  appa¬ 

rent  Magnitude  of  Objedts  is  meafured  by  the 
Angle  which  they  are  feen  under  by  the 
Eye ;  and  farther,  that  thofe  Angles  are  reci¬ 
procally  as  the  Diftances  from  the  Eye.  If 
therefore,  at  the  Diftance  of  6  Inches,  I  can 
but  juft  difcern  an  Objedt,  and  then  by  jnter- 
pofing  a  Lens,  or  other  Body,  I  can  come  to 
view  that  very  Objedt  at  a  nearer  Diftance, 

!  the  Objedt  will  appear  to  be  as  much  larger 
1  through  the  Lens,  than  before  to  the  n$fce$ 

'  Eye,  as  it's  Diftance  from  the  Lens  is  lefs 
it  than  it’s  Diftance  from  the  Eye. 

4.  That  this,  is  the  Cafe,  is  evident  from 
1  Fig;  2.  Plate  XXIII  ;  where  A  is  a  Point 
\  in  an  Objedt  not  clearly  vifible  to  the  rmketj 

IEye,  at  a  lefs  Diftance  than  A  B,  becaufe  the 
Rays  which  proceed  from  it  are  too  divergent 
to  admit  of  diftindt  Vifion  till  they  have  paf- 
fed  that  Diftance  ;  but  if  the  fame  Objedt  be 
|  placed  in  the  Focus  C  of  the  Lens  D,  the 
i  Rays  which  proceed  from  it  will  become  pa- 
i  rallel,  by  pafling  through  the  faid  Lens,  and 
I  therefore  the  Objedt  is  diftindlly  vifible  to  the 
I  Eye  E,  placed  any  where  before  the  Lens  D. 
■I  Confequently  it  will  appear  as  much  larger 
| :  through  the  Lens  than  to  the  iiak#  Eye,  as 
1  CD  is  lefs  than  AB. 

5.  If  an  Objedt  AB  be  placed  in  one  Fo- 
i  cus  C  of  a  Lens  DE,  and  the  Eye  in  the 
1  other  Focus  F $  (See  Fig.  3.)  the  Eye  will  fee 
1  juft  fo  much  of  the  Objedt  as  is  equal  to  the 

|  Diameter 

mm.  - 


1 


176  The  Theory  of  Dioptrics. 

Diameter  of  the  Lens;  for  the  Rays  AD  and 
B  E,  which  go  from  the  Objedt  to  the  Ex*- 
tremities  of  the  Lens  D  and  E,  and  are  unit¬ 
ed  at  the  Focus  F,  mull  necefiarily  proceed 
from  the  Objedt  to  the  Lens  parallel  to  the 
Axis  F  C,  and  therefore  parallel  to  each 
other ;  confequently  the  Part  of  the  Objedt 
A  B,  feen  by  the  Rays  DF,  EF,  will  be 
equal  to  the  Diameter  D  E  of  the  laid  Lens. 
All  whi^h  is  evident  from  the  Theory. 

6.  If  only  the  Part  d  e  of  the  Lens  be  open, 
then  only  fo  much  of  the  Objedt  ab,  as  is 
equal  thereto,  will  be  perceived  by  the  Eye. 
Now  fince  A  B  is  equal  to  DE,  or  ab  to  de^ 
therefore  the  Angle  DFE,  ordFe,  is  the 
Optic  Angle  under  which  the  Part  of  the  Ob¬ 
jedt  AB  or  ab  appears  to  the  Eye  at  F ;  and 
fince  GF  is  but  I  FC,  therefore  the  Angle 
DF  E,  or  dFe,  is  double  to  that  under  which 
the  Part  AB  or  ab  would  appear  to  the 
naked  Eye  at  the  Diftance  FC.  That  is,  the 
Eye  fees  the  Objedt ,  fita cited  as  above,  twice  as 
large  with  the  Lens  as  it  would  do  without  it* 

7.  If  you  would  fee  a  Portion  of  an  Objedt 
larger  than  the  Lens ,  your  Eye  muft  be  placed 
nearer  the  Lens  than  it's  Focus.  Let  the 
Lens  be  DE,  (Fig.  4.)  it’s  two  Foci  F  and 
C;  in  the  Focus  C  let  there  be  an  Objedt 
A  B  larger  than  the  Lens ;  fuppofe  the  Rays 
AD,  BE,  proceed  from  the  Extremities  of 
the  Objedt  to  thofe  of  the  Lens,  it  is  evident 
from  the  Figure  they  will  be  convergent ,  and 

therefore 
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therefore  will  bv  the  Lens  be  united  in  a 
Point  K,  between  the  Lens  D  E,  and  it’s 
Focus  F :  If  then  the  Eye  be  placed  at  K, 
it  will  take  into  it’s  View  an  Object,  or 
Portion  of  an  Object,  greater  than  the  Lens 


DE. 


8.  Again,  let  G  FI  be  a  Portion  of  an  Ob¬ 
ject  A  B,  lefter  than  the  Lens  D  E ;  draw 
G  D,  FI  E,  which  will  be  Diverging  Rays , 

1  and  therefore  will  be  united  at  a  Point  I,  far- 
\  ther  diftant  from  the  Lens  than  the  Focus  F : 

,  Hence  if  an  Eye  be  placed  farther  from  the 
i,  Lens  than  ids  focal  Dijiance ,  it  can  ?iever  fee 
ft  any  Object ,  or  Part  of  an  Object ,  at  one  Viewy 
I  j'o  large  as  the  Lens ,  but  always  Jmaller .  And 
uni  verbally,  the  vfible  Part  of  an  Object  will 
\  be  to  the  Lens ,  as  the  focal  Dijiance  of  the 
1  Lens,  to  the  Difiance  of  the  Eye.  Ail  which 
ij  may  be  eafily  deduced  from  the  foregoing 
|i  Theory. 

9.  Since  then  it  is  evident,  the  Nature  of  a 
’Convex  Lens  is  fuch  as -will  render  an  Object 
diftinctly  vifible  to  the  Eye,  at  the  Diftance 
of  it’s  Focus,  the  Reafon  why  they  are  ufed 
as  Microjcopes  is  exceeding  plain.  For  fup- 
pofe  the  Diftance  AB  (Fig.  2  )  be  6  Inches, 
where  the  Eye  B,  can  but  juft  perceive 

;  the  Objedt  A  diftinctly,  and  let  the  focal  Di¬ 
ftance  CD  of  the  Lens  D  be  j  an  Inch; 
then  fince  CD  is  but  f  of  AB,  the  Length  of 
the  Object  at  C,  will  appear  12  times  as  large 
as  at  A ;  if  it  were  a  Surface ,  it  would  be 
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144  times  as  great ;  and  the  Solidity  or  Bulk 
would  be  magnified  1728  times. 

10.  If  CD,  the  focal  Diftance  of  the  Lens 
D,  be  but  i  of  an  Inch,  then  will  that  be  but 
•—of  A  B  —  6  Inches,  and  fo  the  Lejigtb  of 
Objects  will  be  magnified  24  times ;  the  Sur¬ 
face  576  times,  and  the  Solidity  13824  times, 
for  thofe  Numbers  are  the  Square  and  Cube 
of  24.  From  whence  it  appears,  that  jingle 
Glafs  Lenjes  make  very  good  Microfcopes, 
which  have  thefe  Advantages,  that  the  Object 
appears  moft  clear,  they  lie  in  little  Room, 
may  be  carried  about  any  where,  are  to  be 
had  for  a  fmall  Price,  and  are  moft  eafy  to 
be  ufed. 

1  r.  The  Form  of  fuch  a  Microfcope,  which 
I  think  moft  convenient,  is  that  in  Fig.  5. 
where  A  B  is  a  circular  Piece  of  Wood, 
Ivory,  &c.  in  the  middle  of  which  is  a  fmall 
Hole,  f  of  an  Inch  Diameter  ,  upon  this 
Hole  is  fixed,  with  a  Wire,  a  fmall  Lens 
C,  whole  focal  Diftance  is  C  D.  At  that  Di¬ 
fiance  is  a  Pair  of  Plyers  D  E,  made  of  a 
Watch  Spring,  and  open’d  by  means  of  the 
two  little  Studs  a,  e;  with  thefe  you  take  up*i 
any  fmall  Object  O,  and  view  it  with  the:: 
Eye  placed  in  the  other  Focus  of  the  Lensi: 
at  F.  And  according  to  the  focal  Length  of: 
the  Lens,  the  Object  O  will  appear  more  or: 
lefs  magnified,  as  reprefented  at  I  M.  If  the:; 
focal  Length  be  i  or  ^  of  an  Inch,  the  Length, , 
Surface ,  and  Bulk  of  the  Obied;  will  be  mag¬ 
nified: 
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nified,  as  exprefled  in  Article  9  and  10  here- 
of.  This  fmall  Inftrument  may  be  put  into 
a  Cafe,  and  carried  about  in  the  Pocket  with¬ 
out  any  Incumbrance.  I  have  made  Trial  of 
various  Lenfes,  and  find  thofe  whofe  focal 
Lengths  are  and  —  of  an  Inch,  the  x 

beft  for  common  Ufe. 

12.  Since  the  nearer  the  Eye  can  approach 
i  to  an  Objedt,  the  larger  it  appears,  it  is  plain 
;  a  double  and  equally  Convex  Lens  is  far  prefer¬ 
able  to  a  Plano-convex  Lens  ;  becaufe  if  the 
Sphere  or  Convexity  be  the  fame,  the  focal 

I  Length  of  the  former,  is  but  half  as  long  as 
of  the  latter:  And  fince  the  Double-Convex 
con  lift  of  two  Segments  of  a  Sphere,  the 
more  an  Objedt  is  to  be  magnified,  the  greater 
muft  be  the  Convexity,  and  therefore  the 
fmaller  the  Sphere  5  till  at  laft  the  utmofl  De- 
j  gree  of  magnifying  will  require  that  thefe  Seg- 
;;  ments  become  Hemifpheres ,  and  confequently 
the  Lens  will  be  reduced  to  a  perfect  Sphe¬ 
rule,  or  very  fmall  Sphere . 

13.  With  thefe  fmall  Spherules  extraordi¬ 
nary  Degrees  of  magnifying  may  be  arrived 
at  ;  for  as  I  have  (hewn  in  the  Theory,  the 
Focus  of  Parallel  Rays  is  but  at  k  the  Radius 
diftant  from  the  Spherule ;  therefore  if  the 

1  Radius  of  the  Spherule  be  ~  of  an  Inch,  the 
i  Eye  will  have  diftinct  Vifion  of  an  Object  by 
means  thereof,  at  the  Diftance  of  a  Radius 
i  and  half  i.  e .  ~  of  an  Inch,  which,  as  it  is 
i  but  the  40th  Part  of  6  Inches,  {hews  that  the 
|  M  2  Length 
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Length  of  an  Object  will  be  magnified  40 
times,  the  Surface  1600  times,  and  the  Soli¬ 
dity  64000  times,  by  fuch  a  fmall  Sphere. 

14.  If  the  Radius  of  a  Spherule  be  but  ~  of 
an  Inch,  then  will  the  Eye  have  diftinct  Vi- 
fion  of  an  Object  at  the  Diftance  of  of  an 
Inch,  which,  as  it  is  but  the  80th  Part  of 
6  Inches,  {hews  the  Length  of  Objects  will 
appear  80  times  greater,  the  Surfaee  6400 
times,  and  the  Bulk  512000  times  greater 
than  to  the  naked  Eye  at  6  Inches  Diftance. 

15.  Again,  if  the  Diameter  of  a  Spherule 
be  ~  of  an  Inch,  or  the  Radius  then  will 
the  Eye  approach  the  Object  fo  near  as  ^  of 
an  Inch,  which  is  but  the  160th  Part  of 
6  Inches;  and  therefore  the  Length  of  Ob¬ 
jects  will  be  magnified  160  times,  the  Sur¬ 
face  2  5600  times,  and  the  Solidity  4096000 
times  by  this  Spherule ;  which  is  fo  great  a 
Power  of  magnifying,  as  furpaffes  all  human 
Imagination  and  Comprehension. 

16.  And  yet  there  are  Methods  of  making 
Spherules  as  fmall,  and  fmaller  than  anyv 
above-mentioned.  I  fhall  mention  only  two; 
Ways  of  doing  this:  The  firft  is  by  breaking: 
a  Piece  of  clear  white  Glafs  into  very  fmall: 
Particles,  which  are  to  be  taken  up  by  the: 
Point  of  a  fine  Needle,  and  held  in  the  blue;. 
Part  of  the  Flame  of  a  Candle,  or  rather  ofl 
a  Lamp  burning  with  Spirits  of  Wine ;  which 
by  means  of  a  Blow-Pipe,  will  immediatelyi 
melt  the  glafs  Particles  on  the  Point  of  the; 

Needle; 
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Needle ;  and  being  melted  they  will  naturally 
run  into  a  roundifh  Form,  and,  by  a  proper 
Motion  of  the  Needle,  which  a  little  Practice 
will  teach,  they  may  be  brought  to  a  true 
fpherical  Form.  And  as  there  are  more  or 
lefs  Particles  on  the  Needle,  the  Globule  will 
be  greater  or  final ler. 

17.  The  other  Way  is  by  melting  a  Piece 
of  fine  Glafs  in  a  fmall  Crucible,  or  $owl  of 
a  Tobacco-Pipe,  and  then  by  dipping  there¬ 
in  the  End  of  a  Wire,  you  may  draw  out 
very  fine  and  long  Threads  of  Glafs,  which, 
when  cold,  are  to  be  broken  into  proper 
Lengths;  and  one  End  of  fuch  a  Thread  put 
into  the  Flame  of  a  Candle,  will  immediate¬ 
ly  melt,  and  run  into  a  round  or  globular 
Form,  which,  when  you  think  is  big  enough, 
is  to  be  taken  out,  and  broke  off  the  Thread. 

18.  In  either  of  thefe  Ways,  great  Care 
mu  ft  be  ufed  not  to  hold  them  long  in  the 
Flame  after  they  are  melted,  left  they  are 
burnt,  and  thereby  rendered  opake,  and  un¬ 
fit  for  Ufe.  The  few  that  are  good,  among 

I  the  many  you  make,  are  to  be  well  cleanfed, 
and  let  into  a  very  fmall  Hole  in  a  Piece  of 
Brafs,  in  order  for  Ufe. 

19.  In  ufing  thefe  Spherule  Microfcopes,  the 
Objects  are  to  be  placed  in  one  Focus,  and 

ii  the  Eye  in  the  other;  and  fines  the  Focus  is 
fo  exceeding  near  the  Glafs,  it  is  impoflible 
:j  to  view  any  but  pellucid  Bodies;  for  if  any 
|  opake  Object  were  to  be  applied*  the  Eye 

M  3  being 

I I  '  • 


1 82  The  Theory  of  Dioptrics. 

being  as  it  were  juft  on  the  Spherule,  would 
entirely  prevent  any  Light  falling  on  it,  and 
it  would  be  too  obfcure  to  be  viewed. 

20.  It  was  with  thefe  Sort  of  Microfcopes, 
that  the  famous  D^^  Philofopher  Mr  Leeu¬ 
wenhoek  made  fuch  wonderful  Difcoveries;  and 
it  muft  be  with  thefe,  if  with  any,  that  the 
CorpuJ'cles  or  Atoms ,  of  which  Bodies  con- 
iift,  are  to  be  difcovered  ;  which  the  great 
Sir  Ifaac  Newton  thought  was  poffible.  But 
the  great  Difficulty  of  making  very  fmall, 
and,  at  the  fame  Time,  very  good  ones; 
their  Prejudice  to  the  Eyes  in  poring  very 
hard  and  near,  the  Trouble  of  pofiting  Ob¬ 
jects  at  a  due  Diftance,  and  the  very  fmall 
Part  which  can  be  feen  of  any,  makes  this 
Sort  of  Microfcopes  very  little  known  or 
tiled. 

21.  In  Fig.  6.  let  ABH  reprefent  a  fmall 
Globe  or  Spherule,  whofe  Center  is  C,  and 
Radius  C  B  ;  alfo  let  G  B  be  =  £  C  B,  then 
will  the  Point  G  be  the  Focus  of  Parallel  Rays  I 
pafling  thro’  and  refracted  by  the  faid  Sphe¬ 
rule  ;  and  therefore,  if  an  Object  E  F  be 
placed  in  the  faid  Focus  G,  it  may  be  di— 
ftinctly  feen  by  an  Eye  in  the  other  Focus  ofi 
the  Spherule.  Suppofe  now  the  Spherule  be: 
removed,  and  in  the  Place  of  it’s  Center  be: 
placed  the  Lens  L  N,  whofe  Radius  is  C  G 
then  will  G  be  alfo  the  Focus  of  the  faid: 
Lens,  and  the  Object  EF  will  be  diftinctly1 
fuch  a  Lens  alfo.  And  fince  the  Angle  ECF,, 

under: 
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under  which  the  Object  appears  at  the  Center 
of  the  Spherule  and  Lens,  is  the  fame,  the 
Object  will  be  equally  magnified  by  them 
both.  But  CG,  it's  Diftance  from  the  Lens, 
is  three  times  greater  than  B  G,  it’s  Diftance 
from  the  Spherule ;  and  therefore  much  more 
Light  will  fall  on  it  when  viewed  by  the 
Lens,  than  can  when  viewed  by  the  Sphe¬ 
rule  ;  and  confequently  in  all  Cafes,  where 
the  Power  of  magnifying  is  not  required  to 
an  extreme,  the  Ufe  of  a  Lens  is  much  pre¬ 
ferable  to  that  of  a  Spherule. 

22.  The  next  Sort  of  fingle  Microfcopes 
are  thofe  made  of  Concave  Mirrours  ;  and  the 
larger  the  Mirrour,  the  fitter  for  the  Purpofe. 
One  10  Inches  Diameter,  and  12  Inches  fo¬ 
cal  Length,  will  do  very  well.  By  fuch  a 
Mirrour,  a  finall  Object,  may  be  made  to 
appear  very  large  either  behind  or  before  it. 

23.  The  Diftance  at  which  an  Object 
fhould  be  placed,  in  order  to  magnify  it  any 
propofed  Number  of  Times,  at  a  Focus  be¬ 
hind  the  Glafs,  is  found  by  the  Rule  delivered 
in  Art.  n.  Chap.  VI.  Part  I.  Thus  fup- 

j  pofe  I  would  magnify  the  Diameter  of  a  fmali 
I  Object  10  times,  I  find  by  that  Rule,  that  it 
muft  be  placed  10  Inches  before  the  Mir¬ 
rour  ;  and  when  the  Diameter,  or  Length  of 
an  Object,  is  magnified  10  times,  the  Surface 
will  be  magnified  an  100  times,  and  the 
whole  Bulk  a  1000  times.  This  is  a  very 
eonfiderable  Effect,  and  is  attended  with  this 

M  4 


184  T7oe  Theory  of  Dioptrics. 

peculiar  Advantage,  that  not  only  a  fmall 
Part  of  one  Object,  but  the  whole  of  diverfe 
Objects  is  here  exhibited  to  the  View,  which 
makes  it  pleafant  and  delightful  to  behold. 

24.  The  other  Way  of  magnifying  Ob¬ 
jects  at  a  Focus  before  the  Mirrour,  is  that 
already  defcribed  in  Chap.  IV.  Art  32,  as 
being  performed  in  a  dark  Chamber .  There 
remains  one  other  Sort  of  dingle  Microfcope, 
which  con  fids  of  a  Glafs  Globe  filled  w  <th 
Water,  which  ferves  for  magnifying  the  lmall 
Animalcule  therein  very  veell  5  this  was  the 
Difcovery  of  Mr  Stephen  Gray ,  and  is  as 
follows. 

25.  Let  KL  be  a  Globe  filled  with  Wa¬ 
ter,  and  A  B  two  parallel  Rays  falling  there¬ 
on,  of  which  let  B  H  be  the  Axis  of  the 
Globe,  which  paffing  through  the  Center  C, 
will  differ  no  Refraction  ;  the  Ray  A  will 
be  redrafted  to  a  Focus  F,  diftant  from  the 
Globe  H,  the  Diameter  thereof,  i.  e.  H  F  = 
B  H,  as  may  be  deduced  from  the  Theorem 
in  Art,  16.  Chap.  I.  of  Dioptrics ,  by  putting 
I  to  R,  as  4  to  3  ;  which  is  the  Proportion 
of  the  Sine  of  Incidence,  to  the  Sine  of  Re¬ 
fraction  out  of  Air  into  Water. 

26.  Let  us  now  confider  the  refracted  Ray 
AG,  as  reflected  from  the  Concave  Surface  of 
the  Globe  at  G,  to  the  Focus  E  in  the  Axis. 
Then  will  an  Object  placed  at  E  be  feen  by 
Reflection  in  the  fame  Manner,  as  an  Object 
at  F  will  be  by  Refraction.  Through  the 

Center 
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Center  C  draw  MCI,  and  to  the  Focufes 
E,  F,  draw  the  perpendicular  D  E,  and  IF: 
Now  fince  unequal  Objects  I F,  D  E,  are  feen 
under  equal  Angles  ICF,  and  DCE,  at  the 
Center  C.  the  Angles  under  which  equal  Ob¬ 
jects  will  be  ieen  ac  E  and  F,  will  be  as  C  F 
to  C  E,  by  what  is  laid  in  Chap.  II.  of  this 
Part. 

27.  Now  the  Ray  A.  by  it's  firft  Refrac~ 

1  tion,  will  tend 
l  to  a  Point  P, 

!  which  will  be 
t  diftant  from  the 
!  Point  four  times 
1  the  Radius  CB, 

I  that  is,  BP  == 

1  4BC,  and  there- 
|  fore  HP  — 2CH, 

I  as  is  eafy  to  de¬ 
duce  from  the 
Theorem  in  Art. 

6.  Chapter  I,  of 
Dioptrics .  Then  K 
put  PIP  —  F,  and 
CH  =  r,  we  (hall 
find  HE  =  J]  by 
|  Theor.  17,  in 
1  Art.  18.  Chap¬ 
ter  III.  of  Ca¬ 
toptrics,  viz. 

dr  r  _ 

•— r  ~J  'y  *or  *n  Cafe  d  — 2  r,  and 

/  therefore 
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1  :  ;  dr 

therefore  the  Theorem  becomes  - 7 - 

—  2  a  — r ' 

=  =  fr  =/=HE;  and  fo  CE 

—  5r 

=  jr:  but  CF  =  2r,  therefore  CF  :  CE  :  : 

2  r  :  f  :  :  2  :  f  :  :  io  :  3  :  :  3  j  :  1.  And  con- 

fequently  an  Objed,  in  the  Focus  of  Re¬ 
flection  E  within  the  Globe,  will  be  magni- 
§  fled  3  7  times  more  than  it  would  be,  if 
placed  in  the  Focus  of  Refradion  F,  without 
the  Globe. 

28.  Now  fuppofe  the  Globule  KL  were  7 
of  an  Inch  Diameter,  then  would  the  appa¬ 
rent  Magnitude  of  Objects  at  F,  by  Refrac¬ 
tion  through  the  Water,  be  to  the  apparent 
Magnitude  at  6  Inches  from  the  Eye,  as  6 
to  },  or  as  30  to  1  ;  and  therefore  the  appa¬ 
rent  Magnitude  at  E,  by  Reflection,  will  be 
as  3  |  times  30,  that  is,  100  times  magni- 
■  fled. 


CHAP. 


[  '87  ] 


CHAP.  VI. 

/ 

Of  double  or  compound  Microf copes  ^  viz. 
thofe  which  confifi  of  two  Lenfes  ; 
and  the  Manner  of  computing  their 
Power  of  magnifying . 

i.TF  a  Machine  be  conftructed  with  more 
j|  than  one  Lens  or  Mirrour,  proper  for 
magnifying  fmall  Objects,  it  is  called  a  double 
i  or  compound  Microfcope  ;  fuch  as  is  that  repre- 
li  fented  in  Fig.  i.  Plate  XXIV. 

\  s  2.  In  that  Figure  d  e  f  is  a  fmall  Lens, 
called  the  Object-Glafs,  as  being  next  the  Ob¬ 
ject  a  c  b  placed  a  little  below  it  to  be  view'd. 
Suppofe  the  Focus  of  this  fmall  Lens  be  at  O. 
Then,  as  is  plain  from  the  Theory,  if  any 
Object  acb  were  placed  in  the  Focus  O,  the 
j  Rays  which  came  from  any  one  Point  diver¬ 
gent  on  the  Lens,  would  by  it  be  fo  refrac¬ 
ted,  that  they  would  afterwards  proceed  pa¬ 
rallel  to  one  another;  or  their  Focus  would 
have  been  at  an  infinite  Diftance. 

3.  It  has  alfo  been  fhewn,  that  if  an  Ob¬ 
ject  a  b  be  placed  at  any  Diftance  from  e  C, 
greater  than  the  focal  Diftance  eo,  the  Rays 
dc,  f  c,  which  come  from  any  Point  c,  and 

fall 
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fall  divergent  on  the  Lens  d  f,  will  be  fo  re¬ 
fracted,  that  they  will  afterwards  proceed  con¬ 
verging  towards,  and  at  laft  unite  in  a  Point 
C,  which  will  be  the  Focus  of  all  the  Rays 
proceeding  from  the  Object  ab,  for  the  Di- 
fiance  c  e, 

4.  Therefore  the  Rays  which  proceed  from, 

the  Points  a,  c,  b,  in  the  Object  a  b,  will  be: 
refpedtively  reprefented  at  A,  C,  B,  in  the: 
afore faid  Focus;  and  confequently  ACB  will 
be  the  Image  of  the  Object  acb;  in  an  in¬ 
verted  Pojitioiiy  and  is  fo  much  greater  than 
the  Object,  as  the  focal  Di  fiance  e  C  is  greater 
than  the  Diflance  of  the  Object  ec.  And  the 
lefTer  ec  is,  the  greater  will  Ce  be,  and  the 
more  will  the  Image  ACB  be  enlarged,  or 
the  Objedt  magnified :  But,  as  before  obferv- 
ed,  the  Diflance  ec  mail  always  be  greater 
than  the  focal  Diflance  eo.  All  which  things 
are  likewife  demohftrated  and  exemplified  in 
the  Theory.  ■'  1  *  | 

5.  in  fingle  Microfcopes,  or  thofe  of  one 
Lens,  we  view  the  Image,  or  rather  the  Ob¬ 
ject  itfelf,  at  an  affirmative  Focus,  or  behind 
the  Lens ;  but  in  compound  Microfcopes  it  is 
otherwife:  For  here  AB,  which  is  abfolutely 
the  Image  of  the  Object,  far  diftant  from  it 
at  a  negative  Focus,  or  on  that  Side  the  Lens 
next  the  Eye,  is  the  Thing  we  view,  and 
confider  it  now  as  a  new  Object. 

6.  If  then  any  Lens  D  F  be  placed  juft  at 
it’s  focal  Diflance  EC,  from  any  Objedt  AB, 

the 
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the  Rays  which  come  from  any  Point  C,  will 
after  Refraction  through  the  Lens,  proceed 
parallel  to  the  Eye  at  I,  and  there  caufe  di- 
ftinct  Vifion:  Thus  the  Object  AB,  that  is, 
the  Image  of  the  Object  ab  greatly  magni¬ 
fied,  will  be  clearly  and  diftindtly  feen  thro'  a 
fecond  Lens  D  F ;  and  if  the  Eye's  Diftance 
be  lefs,  equal  to,  or  greater,  than  the  focal 
Difiance  E  C,  then  fuch  a  Portion  of  the 
Image  A  B  will  be  feen  as  is  greater,  equal  to, 
or  lefs  than  that  Part  of  the  Lens  DF,  which 
is  open.  Note,  this  Lens  D  F  is  called  the 
Eye-Glafsy  as  being  next  to  the  Eye  in  view¬ 
ing  Objects. 

7.  Thus  is  Vifion  performed  in  the  Double 
Microfcope,  compofed  of  two  Glaffes.  I  fhall 

I  now  fhew  the  Power  of  magnifying  in  fuch  a 
I  Microfcope,  which  will  be  eafily  apprehended 
i  in  the  following  Manner.  I  have  before  ob- 
I  ferved,  that  no  Object  can  be  clearly  and  di¬ 
ll  ftinctly  viewed  at  a  lefs  Difiance  than  fix 
I  Inches,  and  by  many  Eyes  not  fo  near.  But 
;!  fix  Inches  is  the  Number  I  fhall  found  my 
p  Computations  upon,  becaufe  I  fhall  then  be 
j;  fure  to  be  within  Compafs. 

8.  Firft,  let  us  fuppofe  df  the  QbjeB-Glafs 
]  to  be  a  double  and  equally  Convex  Lens, 
i,  whofe  focal  Diftance  eo  =  ~  of  an  Inch., 

Then  if  an  Objedt  ab  be  placed  at  the  Di¬ 
ftance  ec  —  1  Inch,  the  Image  AB  will  be 
;  formed  at  the  Diftance  e  C  =  4  Inches,  as  is 


manifeft 
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manifeft  from  the  Theory,  and  the  Rule  ex¬ 
emplified  in  Chap.  X,  Art.  1  and  2,  Part  II. 

9.  Since  then  the  Diftance  ec  is  but  one 
Inch,  the  Angle  a  e  b,  which  the  Object  fub- 
tends  at  the  Lens  d  e,  is  6  times  greater  than 
the  Angle  under  which  it  would  appear  to  an 
Eye,  at  6  Inches  Diftance  and  therefore  the 
Length  of  the  Object  a  b,  will  be  magnified 
6  times  by  the  Object-Lens  only. 

10.  And  fince  the  Angles  aeb,  and  AeB, 
under  which  the  Object  and  it’s  Image  appear 
at  the  Lens  d  f,  are  equal,  the  Image  A  B  to 
an  Eye  at  e,  will  appear  equal  to  the  Ob¬ 
ject  a  b,  i.  e .  Jix  times  larger  than  the  faid 
Object  at  the  Diftance  of  Jix  I?2ches  from  the 
Eye. 

11.  But  fince  the  Image  A  B  is  rendered 
vifible,  by  means  of  the  Eye-Glafs  D  F,  and 
is  feen  under  the  Angle  AEB;  the  apparent 
Magnitude  thereof  feen  by  an  Eye  at  E,  will 
be  to  the  fame  to  an  Eye  at  e,  as  the  Angle 
AEB,  is  to  the  Angle  A e B,  or  as  the  Di¬ 
ftance  C  e,  to  the  Diftance  C  E  :  But  C  e  is 
4  Inches ;  if  then  we  fuppofe  C  E  =  1  Inch. 
The  Image  will  appear  4  times  greater  at  the 
Eye-Glafs,  than  at  the  Objedt-Glafs ;  and 
therefore  4  times  6,  that  is,  24  times  greater 
than  the  Object  itfelf  a  b. 

12.  The  Length  being  magnified  24  times, 
the  Surface  of  Objects  will  be  magnified  576 
times,  and  the  Solidity  or  Bulk  13824  times. 
And  the  Effect  of  this  double  Microfcope  is 

equal 
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i  equal  to  that  of  a  fingle  one  of  a  Lens,  whofe 
focal  Diftance  is  but  ~  of  an  Inch,  as  is  evi- 
i  dent  from  Art.  10,  of  the  foregoing  Chapter. 

13.  Again,  if  the  Diftance  of  the  Object 
ec  be  i  of  an  Inch,  and  the  Diftance  Ee  be¬ 
tween  the  Eye-Glafles  remaining  the  fame  ; 
then  will  the  Objed:  a  b  appear  as  much  greater 
by  the  Eye-Glafs  d  f,  than  to  the  naked  Eye 
at  6  Inches  Diftance,  as  6  is  greater  than 
viz.  8  times.  Then  alfo,  fince  Ce  =  a 
Inches,  and  CE  =  1,  the  Object  will  appear 
4  times  greater  through  the  Eye-Glafs  D  F, 
than  by  the  Object-Glafs  df;  and  therefore 
4  times  8,  that  is,  32  times  greater  by  both 
than  to  the  naked  Eye.  The  Length  being 
magnified  32  times;  the  Surface  will  be  mag¬ 
nified  1024  times;  and  the  Bulk  32768  times, 
by  fuch  an  Object-Lens. 

14.  If  you  ufe  an  Object-Lens  that  fhall 
give  the  Diftance  ec  =  i  an  Inch,  then  will 
it  magnify  the  Object  ab  12  times,  and  th« 
Eye-Glafs  DF  magnifying  that  Image  AB 
4  times  more  ;  the  Length  of  the  Object  will 
by  both  be  magnified  4  times  ]2,  viz.  48  ♦ 
times ;  and  therefore  the  Surface  will  be  mag- 

I  nified  2304  times,  and  the  Solidity  110,592 
I  times. 

|  1 5.  In  the  laft  place,  if  you  ufe  an  Object- 

I  Lens,  which  gives  the  Diftance  .of  the  Ob¬ 
ject  ec  =  i  of  an  Inch;  then  will  the  Ob- 
i  ject  be  magnified  by  that  24  times,  and  4 
times  more  by  the  Eve-Glafs,  and  therefore 

Ur. 
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by  both  96  times;  and  thus  the  Surface  will 
be  magnified  9216  times;  and  the  Solidity 
884736  times,  which  is  to  a  very  great  De¬ 
gree  indeed. 

16.  If  you  are  defirous  of  knowing  what 

focal  Diftances  eo  the  4  feveral  Object-Giaffesi 
muft  have  to  give  the  Diftance  of  the  Object  I 
ec  =  1,  i,  §,  i>  as  above-dated  for  Calcula¬ 
tion,  you  find  them  according  to  the  Rules  of 
the  Theory,  to  be  ±L,  -j-  ;  fuppofing 

thofe  Lenfes  are  double  and  equally  Convex. 

1 7.  The  Power  of  magnifying  is  to  be  va¬ 
ried  alfo  by  varying  the  focal  Length  of  the 
Eye-Glafs  D  F,  for  the  fame  Object- Glafs 
d  f ;  for  as  now,  the  focal  Length  E  C  being 
1  Inch,  the  Lens  DF  magnifies  the  Image 
A  B  4  times,  if  the  faid  focal  Length  were 
but  i  of  an  Inch,  it  would  magnify  the  Image 
AB  5  f  times,  for  then  Ce  :  CE  : :  5  0  :  1. 
And  if  CE  be  but  i  an  Inch,  then  would 
Ce:CE::8:i;  andfo  the  Lens  D  E  would 
magnify  the  Image  A  B,  8  times. 

18.  But  we  can’t  vary  the  focal  Length  of 
the  Eye-Glafs  DF  at  pleafure,  or  to  that  ad¬ 
vantage  as  we  can  the  Focus  of  the  Objeet- 
Glafs  df,  for  Reafons  hereafter  to  be  given. 

19.  There  is  yet  another  Way,  by  which 
the  Power  of  magnifying  is  to  be  varied  or 
augmented  in  this  Microfcope ;  and  that  is,  by 
varying  the  Diftance  between  the  two  Glades 
DF  and  df,  by  means  of  two  Tubes  Aiding 
one  within  the  other ;  in  the  uppermoft  is 

fixed 
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fixed  the  Eye-Glafs  DF,  and  to  the  lower  is 
fixed  the  Objeft-Glafs  d  f.  By  this  Contri¬ 
vance  the  Diftance  of  the  Image  Ce  is  confi- 
derably  lengthened,  and  bears  a  lefs  Propor¬ 
tion  to  C  E  than  before ;  and  confequently  the 
magnifying  Power  will  be  fo  much  the  greater, 
20.  Thefe  double  Microfcopes  are  much  pre¬ 
ferable  to  Angle  ones,  as  they  have  or  may  be 
contrived  with  as  great  a  Power  of  magnify¬ 
ing,  and  at  the  fame  Time  opens  a  much 
larger,  and  more  fpacious  Field  of  View,  and 
hath  divers  other  Advantages  to  be  mentioned 
hereafter. 


[  *94  ] 


CHAR  VII. 

Of  Microfcopes  compounded  with  three 
Lenfes ,  viz.  an  Object-Lens,  and 
two  ocular  ones . 

U\XTE  ^ave  ^een  ^ature  an(i  Ef- 

%  fects  of  a  Microfcope,  contracted 
with  one  and  two  Lenfes,  let  us  now  contem¬ 
plate  the  Nature  and  Contraction  of  one  of 
three,  viz.  An  Object-Lens  df,  and  two  Eye- 
GlafTes,  one  a  larger  G  K,  and  the  other 
leffer  DF.  This  broad  Lens  GI(  is  added 
(not  to  increafe  the  magnifying  Power ,  or  Dk 
jlintinejs  of  Vifion ,  for  that  is  better  effected 
by  one  Lens  DF,  but)  to  increafe  or  amplify 
the  optic  Angle ,  or  to  enlarge  the  vifible  Area , 
or  Circle  of  Vifion  in  the  Microfcope.  Which 
it  does  very  confiderably,  as  is  thus  fhewn. 
See  Fig.  2. 

2.  Let  a  b  be  an  Object  fo  pofited,  that  ids 
Image  AB  may  be  formed  at  the  Diftance 
of  eC,  from  the  Lens  df;  at  H  fuppofe  the 
Lens  GK  intercept  the  Rays  eK  and  eG, 
which  it  will  refradt  towards  fome  Point  in 
the  Axis,  as  O ;  and  confequently  there  will 
be  a  new  and  lelTer  Image  AB  formed  than 
before,  the  Place  of  which  is  found  by  draw- 
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ing  the  Lines  AHy  BHy  from  the  Extremi- 
!  ties  of  the  firft  Image  AB ,  to  the  Center  of 
the  Lens ;  for  they  will  interfect  the  Rays 
KF,  GD,  in  A  and  B,  the  Place  of  the 
Image  AB.  For  if  the  Image  AB  be  confi- 
1  dered  as  an  Object  with  regard  to  the  Lens 
!  G  K,  and  F  K,  D  G  two  incident  Rays,  they 
will  emerge  from  the  Lens  in  the  Direction 
Ke  and  Ge,  and  fince  CH  is  lefs  than  the 
focal  Diftance  of  the  Lens  GK,  the  Rays  of 
1  every  Pencil  going  from  the  Object  A  B,  will 

I  emerge  from  the  Lens  diverging,  and  tend  to¬ 
wards  a  virtual  Focus  C,  where  they  form  the 

II  imaginary  Image  AC  B.  But  the  Object  A  B, 

1  and  it's  Image  A  By  are  feen  under  equal  An- 
j  gles  AH  By  from  the  Center  of  the  Lens  H  j 
;  and  therefore  the  Lines  AH  and  BH  deter- 
1  mine  the  Places  and  Proportions  of  the  Images 
J  AB  and  AB.  AJ1  which  is  plain  from  the 

Theory. 

*  3.  Let  DF  be  another  Lens  placed  at  it’s 
focal  Diftance  E  C,  from  the  Image  A  B, 
which  then  will  be  diftinctly  feen  through  it 
by  an  Eye  placed  any  where  in  the  Axis  E  O. 
Let  H  c  be  the  focal  Diftance  of  the  Lens 
GK,  draw<z£,  and  join  a H,  then  will  the 
Angle  ^Hc  be  the  optic  Angle  under  which 
the  half  of  the  Object  ac  is  feen  through  the 
I  Lens  G  K  ;  and  is  to  the  Angle  a  e  C  =  a  ec, 
(under  which  it  appears  by  the  Lens  df)  as 
ec  is  to  He. 

K  ■  ‘  v  N  z 


.  Since 


196  The  ‘Theory  o/Dioptrics. 

4.  Since  Ha  —  He,  the  Point  a  will  be 
the  Focus  of  a  Pencil  of  Rays  falling  obliquely 
on  the  Lens  G  K,  of  which  a  H  is  the  Axis, 
and  a  K  the  extreme  Ray  ;  and  fince  all  the 
Rays  of  the  Pencil  emerge  parallel  from  the 
Lens  in  this  Cafe,  if  KO  be  drawn  parallel 
to  aH,  O  will  be  the  Point  in  which  the  Ray 
eK,  after  Refraction  through  the  Lens  GK, 
will  cut  the  Axis  H  O,  making  the  Angle 
HOK  =  a  H  c. 

5.  But  the  Ray  K  O,  by  the  Interpofition 
of  the  Lens  DF,  will  fuffer  a  fecond  Refrac¬ 
tion  through  it  at  F ;  and  to  find  what  that 
will  be  with  the  focal  Diftance  EC  of  the 
Eye-Glafs  DF,  fweep  the  Arch  Ce,  and  join 
Ee,  then  will  e  be  the  Focus  of  an  oblique 
Pencil  of  Rays  falling  on  the  Lens  DF,  of: 
which  eE  is  the  Axis,  and  eF  an  extreme: 
Ray.  If  then  you  draw  F  I  parallel  to  e  E, 
it  will  be  the  refracted  Ray,  and  I  the  Point 
in  which  it  cuts  the  Axis  HO;  making  the; 
Angle  E I F  =  C  E  e. 

6.  From  D  and  F  let  fall  the  perpendicu¬ 
lars  D  d,  F f9  on  the  Image  A  B  5  and  if  there: 
were  no  other  Lens  but  DF,  the  Part  df  ini 
the  Image  is  all  the  Eye  could  view  in  the: 
proper  Focus  L,  for  dj  =  DF.  See  Art.  5. 
Chap.  V,  hereof.  But  now  by  means  of  the: 
LensGK,  the  Rays  KF  and  G  D,  which 
terminate  the  Extremities  of  the  Image,  are: 
made  to  fall  within  the  fame  Aperture  D  F 
®f  the  Eye-Glafs,  and  confequently  the  whole: 

Image 
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Image  A  B  is  feen  by  the  Eye  at  the  Point  I, 
under  the  Angle  E  I  F. 

7.  But  this  Angle  EIF  is  to  the  proper 
Angle  ELF,  as  L  E  is  to  I  E,  by  Art.  9. 
Chap.  II,  of  this.  Now  in  order  to  exprefs 
this  Proportion  in  Numbers,  we  muft  firft 
find  HO,  for  which  the  Diftance  eH  muft 
be  given,  which  fuppofe  5  Inches.  Then 
efteeming  e  as  a  Radiant  Point  from  whence 
proceeds  the  Pencil  of  Rays  G  e  K,  to  the 
Lens  G  K,  whofe  focal  Diftance,  or  Radius 
of  Convexity  He  —  3  Inches.  We  fhall  find 
the  Focus  O  of  this  Pencil  after  Refraction, 

d  r 

by  the  Theorem  — —  =  y .  See  Art.  36. 

a  —  r 


Chap.  I,  of  the  Theory  of  Dioptrics . 

8.  For  here  d  =  eH  =  5,  r  —  He  =  3, 


and  y  —  H  O,  to  be  found  thus  ; 


dr 

d'—r 


\ 


5  x  3 


*5 


=  7.5  =y.  Or  thus  by  Ana- 

5  — 3  2 

logy,  d  —  r  (e  c) :  d  (e  H) : :  r  (H  c) :  y  (PI  O) 
=  7  i  Inches.  Having  thus  found  H  O,  fup¬ 
pofe  the  Diftance  between  the  two  Glaftes 
HE  =  2  Inches,  then  will  E  O  =  5  ^ 
Inches;  and  if  the  Radius  of  Convexity  E  C, 
of  the  Eye-Glafs  DF  be  1  Inch;  we  (tuM 
find  El,  by  the  Theorem  in  Art.  38,  Chap,  i, 

ft-  3  ;  of 
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dr 

of  Catoptrics ,  viz.  —  =  y  ;  for  here  d  — 

*  a  r 

E  O  =  5,5,  r  “  tv  C  —  i,  and  y  =  E I ; 
dr  5.5 

therefore  —7—  =  —  =  o. 
d  -y  r  6.5 

Or  by  Analogy,  as  d — -  r  (  =  CO  =  6.5) :  d 

(=  E O  =  5.5): :  r  (==  EL  =  1)  :y(=EI 

=  0.85,  fere). 

9.  Therefore  the  optic  Angle  DLF  proper 
to  the  Lens  D  F  alone,  is  to  the  amplified 
Angie  DIF,  as  0.85  to  1,  or  as  85  to  100  * 
the  vifible  Areas  therefore  will  be  as  the 
Squares  of  thefe  Numbers,  viz.  as  7225  to 
10000,  or  as  7  to  10  nearly  5  which  Aug¬ 
mentation  of  the  optic  Angle  by  the  Addition 
of  the  Lens  G  K  is  very  confiderable,  and 
renders  the  Pleasure  of  viewing  Objects  pro¬ 
portion  ably  greater.  Now  this  Angle  DIF 
is  greater  or  fmaller,  as  the  Diftance  between 
the  Lenfes  HE  is  greater  or  fmaller;  for  asi; 
the  Lens  DF  approaches  to  the  Lens  GK,  the 
Diftance  EO  approaches  nearer  to  an  Equa¬ 
lity  with  CO,  or  El  with  EL,  that  is,  the:; 
Angles  I  and  L  become  nearer  equal ;  and  the:; 
contrary,  as  D  F  is  placed  farther  from  GK., 

10.  The  Degree  or  Power  of  magnifying  inu 
this  given  Combination  of  Lenfes,  is  compu¬ 
table  in  the  following  Manner.  Suppofe  I 
can  fee  the  Line  ac  diftinctly  at  the  Diftance!: 
of  6  Inches,  but  by  means  of  the  Lens  df 
1  can  fee  it  at  the  Diftance  eC,  under  the!; 

Angle : 


8  5  very  nearly. 
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Angle  aeC  Again,  lince  a e  C  =  a  e  c,  and 
H  c  is  the  focal  Length  of  the  Lens  G  K,  the 
Object  a  C  will  appear  to  an  Eye  at  H,  under 
the  Angle  a  He,  which  is  to  the  Angle  ate, 
(or  aeC)  as  ec  to  cH.  Lafily,  the  Angle 
under  which  it  appears  by  the  Eye-Glafs  D  F 
is  E I  F  =  C  E  e,  but  this  Angle  C  E  e  is  to 
the  Angle  a  He  =  COe,  as  C  O  to  C  E. 
Therefore  the  firft  Ratio  of  magnifying,  i.  e. 

6 

by  the  Lens  d  f  is  6  :  Ce,  or  —  ;  the  fecond 


e  c 

Ratio,  by  the  Lens  GK  is  e c  :  c H,  or  —  > 

c  H 

therefore  the  Appearance  of  a  C  at  H,  is  to 

6  ec 

that  at  the  naked  Eye,  as  —  *  — The 

ec  c  H 

third  Ratio  is  by  the  Lens  D  F,  in  regard  of 


the  laft, 


CO 

as  C  O  :  C  E,  or  ; 


and  confe- 


quently  an  Object  ac  will  appear  under  an 
Angle  DIF,  which  is  to  that  under  which  * 
it  appears  to  the  naked  Eye  at  6  Inches  Di- 


flance  as 


CO 

CE 


6 

X  -  to  I. 

eC 


ii.  To -give  an  Example,  let  Ce  =  £  an 
Inch  ;  cH  =  3,  CE  =  i  j  and  the  Di fiance 
eH  =  5;  then  will  ce  =  2,  and  CO  = 
6.c,  things  remaining  as  in  Art.  g.  Then 

N  4  CO 
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CO  ec  6  6.5  2  6  78 

CE  cH  eC  1  3  0.5  1.5 

52.  Therefore  the  apparent  Magnitude  thro’ 
the  Microfcope,  is  to  that  by  the  naked  Eye, 
as  52  to  i,  for  a  Line ,  as  2704  to  i,  for  a 
Surface ;  and  as  14068  to  1,  for  a  Solid. 

12.  The  Lens  GK  being  removed,  all 
other  things  remaining  the  fame,  the  magni¬ 
fying  Power  will  be  greater  than  before  ;  for 

.  ...  .  Ce  6  6  6  36 

it  will  oe  as  - —  x  —  =  -  x  —  =  — 

CE  ce  1  0.5  0.5 

—  72,  above  a  third  greater  than  52.  And 

by  removing  G  K  we  are  obliged  to  change 
the  Object-Lens  d  f  to  keep  the  Diftances  the 
fame;  yet  if  df  were  retained,  the  Diftance 
ce  would  be  fo  very  little  enlarged  to  bring 
the  Image  AB,  to  the  Situation  AB,  that  if 
the  Lens  D  F  be  the  fame,  and  at  the  fame 
Diftance  from  df,  the  magnifying  Power 
will  ftiii  be  greater  much  by  itielf,  than  in 
Combination  with  the  Lens  G  K. 

13.  If  iniiead  of  He  =  3,  we  take  It  =  4 
Inches;  then  the  optic  Angle  DIF  will  be 
diminifhed,  all  other  things  remaining  the 
fame,  as  in  Art.  1 1.  For  now  r  =  tic  =  4, 
and  d  =  H  0=5,  and  d  —  r  =  ce  =:  i> 

dr  c  x  4 

therefore  — - = -  =  20  =y,  or  HO; 

d  —  r  1 

and  fo  CO~  19,  and  E  O  ==  18.  There¬ 
fore  to  find  El  we  have  d  ==  EO  =  18, 

and 
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and  r  =  EL  =  i,  and  d - j- r  =  C  O  =  19* 
dr  18x1 

and  then  -77-7 —  =  - —  =  0.95  nearly, 


d 


creafed  3  for 


r  19 

which  in  this  Cafe  is  the  Length  of  El, 
whereas  before  it  was  but  0.85  s  (Art.  8.)  and 
confequently  the  Angle  D  I  F  is  now  dimi¬ 
nished  in  the  Ratio  of  95  to  85,  or  nearly  as 
9  to  8. 

14.  But  the  magnifying  Power  will  be  in- 


CO 


c  e 


CE  cH  eC 


J9  1  , 

-  X  —  X 


6  1 14 

—  =  - — -  57  s  whereas  before  (Art.  1 1.) 

°-5  2 

it  was  but  52  s  but  fince  this  Increafe  of  the 
magnifying  Power  is  fmall,  and  the  Diminu¬ 
tion  of  the  optic  Angle  very  confiderable : 
(Art.  13.)  a  Lens  G  K,  whofe  focal  Diftance 
is  3  Inches,  is  preferable  to  one  of  4  Inches. 

15.  Again,  if  we  make  the  focal  Diftance 
of  the  Lens  G  K  equal  to  2  Inches,  other 

dr 

things  being  the  fame  3  we  fhall  have  - - 

d~ —  r 

H  O  s  and  then 

\ 

dr 


3  3? 


5x2  10 

~~  3  _  3 

EO  =  1.3%  =  d\  and  fo  .  ,  —  _ 

d-\~r  -2.3? 

0.56  =  E  I  s  and  therefore  the  Angle  DIF: 
D  L  F  :  2  x  :  Q.56  : ;  xoo  :  56,  that  is,  the 

optic 
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optic  Angle  at  I,  is  almoft  as  big  again  as  the: 
proper  Angle  at  L.  But  notwithstanding  this 
Advantage,  fince  the  magnifying  Power  is  di- 

C  O  ce  6 

minifhed,  (it  being  only -  x  - -  x  —  = 

6  y  CE  cH  eC 


2.^  3 

-  X  -  X 

I  2 


°-5 


42.)  and  the  great  Convexi¬ 


ty  of  the  Lens  G  K,  diftorting  and  colouring 
the  Objedl  about  the  Extremities,  the  focal 
Length  of  three  Inches  is  preferable  to  this 
of  2  Inches ;  and  confequently  to  any  other 
focal  Length  of  G  K,  in  this  Conftrudtion  of 
the  Microfcope. 

16.  In  this  Combination  of  Eye-GlaHes, 

CO  ce 

the  Effedl  of  the  Microfcope  is  -  x  - —  x 

r  CE  cH 

6 

■—  to  1  ^  but  in  a  Microfcope  with  a  fingle 
'  Ce 

Eye-Glafs  DF,  whofe  focal  Diftance  is  CE, 
and  the  Diftance  of  the  Image  from  the  Ob- 
jedt-Lens  df,  is  Ce,  hath  it’s  Effedt  in  the 

Ce  6 

Ratio  of  —  x  —  to  1.  If  now  we  fuppofe 
CjE  e  c 

an  Objedl  ab,  equally  diftant  from  the  Ob- 
jedl-Lens  df,  when  diftindtly  feen  in  both, 

J  .  .  CO  ce 

then  according  as  x  — —  is  lejfer. ,  equal 


CE  cH 


to, 
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,  Ce  ,  „ 

to,  or  greater  than  - ,  the  Power  of  magm- 

C  E  ( 

fying,  in  the  former  Microfcope,  will  be 
lejfer,  equal  to,  or  greater,  than  the  fame  in 
the  latter,  or  that  with  a  Angle  Eye-Glafs. 

17.  If  the  focal  Diftance  of  the  Eye-Glafs 
DF,  be  the  fame  in  both  Microfcopes,  their 
magnifying  Effects  will  be  in  the  Ratio  of 

ce 

CO  x  —  to  C e.  And  if  ce  =  cH.  then 
cH 


will  their  Eflfe&s  be  in  the  Ratio  of 


CO 

CE 


to 


Ce 

CE 


If  then  we  would  have  them  magnify 


I 


equally  in  this  Cafe,  CE  :  E  C  :  :  C  O  :  Ce, 
is  the  Analogy. 

18.  If  the  Microfcope  hath  the  Dimenfions 
of  Art.  11,  the  Aperture  of  the  Lens  GK 
being  given,  and  the  Diftance  between  the 
Lenfes  H  E,  the  Aperture  of  the  Lens  D  F 
is  given  alfo  ;  for  PI  O  :  E  O  :  :  G  K  :  D  F. 
Suppofe  GK  =  1.5,  then  HO  =  7.5  :  EG 
=  5.5  :  :  GK  =  1.5  :  D F  =  1.07.  The 
half  of  which  EF  —  0.53  ;  whence  we  may 
alfo  find  the  Quantity  of  the  optic  Angle 
DIF:  for  El  —  0.85,  by  Art.  13.  Where¬ 
fore  we  have  this  Analogy,  As  IE  =  0.85  is 
to  EF  =  0.53,  fo  is  the  Tangent  of  Radius 

45° 


1 
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450,  to  the  Tangent  of  270  :  45'  fere,  the; 
double  of  which,  viz.  550  :  30',  is  the  Quan¬ 
tity  of  the  Angle  DIF,  in  this  Conftitution 
of  the  Microfcope. 


CHAP.  VIII. 

Of  the  apparent  Pofetion  of  the  Oh — 
jehlsj  and  the  vifeble  Area ,  or  Field i 
of  View  5  <3  Mi  cr  of  cope  of  Convex M 

Eye-Glaffes . 


Plate  XXIV.  Fig.  3. 


E  have  hitherto  been  confiderlng 
the  Strudhire  or  Difpofition  of 
Glafies,  and  the  Power  of  magnifying  in  Mi- 
crofcopes ;  the  next  thing  to  be  taken  Notice 
of  is  the  apparent  Fofition  of  the  Objedt,  and 
the  Area ,  or  Field  oj  View ,  therein. 

2.  In  order  thereto,  let  N,  O,  P,  be  Cones 
of  Rays  coming  from  the  Objedt-Lens,  and 
painting  in  their  Focus  the  Image  ACB. 
This  Image  will  be  in  a  Portion  inverted ,  or 
contrary  to  that  of  the  Objedt,  as  is  evident 
from  Fig.  1  and  2,  of  this  Plate;  the  Reafon 
whereof  has  been  fully  explained  before. 


The 
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, 

h| 

' 


! 

J 


f 


3.  The  Image  AC  B  we  are  now  to  con- 
fider  as  an  Objeht  viewed  through  a  Convex 
Lens  DF,  by  the  Eye  ,AB  QJL  This  Ob¬ 
ject,  as  being  feen  in  the  Microfcope,  mu  ft  be 
alfo  conceived  to  be  in  the  Focus  of  the  Lens 
D  F,  which  is  the  Eye-Glafs  ;  for  in  this 
Cafe  only,  the  Rays  AD,  A g,  A h,  alfo  C n, 
Co,  C p,  and  the  Rays  BF,  Bm,  B /,  which 
come  from  the  Angle  Points  A,  C,  B,  will  fall 
parallel  on  the  Pupil  CLR,  and  if  they  do  not 
come  parallel,  thofe  Points  of  the  Object  will 
not  be  diftindtly  feen,  as  has  been  fhewn  in 
Chap.  I,  of  this  Part. 

4.  Now  from  the  Points  A,  G,  H,  I,  C,  K, 
L,  M,  B,  ftippofe  parallel  Rays  proceed  to  the 
Glafs  D  F,  in  the  Points  D,  g,  h,  i,  n,  0,  py 
k ,  /,  771 ,  F,  then  fhall  thefe  be  all  united  in 
the  Focus  at  E,  in  which  we  will  fuppofe  the 
Pupil  of  the  Eye  to  be  placed  where  it  will 
then  view  as  much  of  the  Object  A  B,  as  is 
equal  to  the  Diameter  of  the  Eye- Glafs  D  F  ; 
as  was  demonftrated  in  Chap.  V,  Art.  5. 

5.  The  Eye  being  polited  in  the  Focus  of 
the  Glafs,  will  by  it’s  Humours  converge  or 

i  unite  the  Rays  which  enter  parallel  on  the 
;  Retina,  in  the  Bottom  thereof ;  and  therefore 
the  Rays  AD,  A g,  A  h,  proceeding  from  the 
Lens  parallel  to  the  Eye,  will  by  it  be  united 
on  the  Retina  at  A ,  and  there  reprelent  the 
Point  A  of  the  Object  ACB.  After  the 
fame  Manner  we  conceive  the  Points  B 
and  C  fn  the  Objeff,  reprefented  at  B  and  C 
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in  the  Bottom  of  the  Bye ;  and  all  the  inter¬ 
mediate  Points  G,  H,  I,  K,  L,  M,  after  hav¬ 
ing  paffed  the  Lens,  will  traverfe  in  the  Point 
E,  and  proceed  to  g,  h,  i,  k,  1,  m,  where  they 
will  be  reprefented  on  the  Retina. 

6.  Confequently  AC B  on  the  Retina ,  will 
be  the  Image  of  the  Objedt  ABC,  that  is, 
it  will  be  the  fecond  Image  of  the  fmall  Ob¬ 
ject  a  b,  under  the  Microfcope,  of  which 
A  B  is  the  firft  enlarged  Image.  And  fince 
the  Image  A  C  B,  is  contrarily  pofited  to  the 
Image  A  C  B,  it  will  be  rightly  pofited  with 
the  Objedt  itfelf,  or  the  Objedt  ab,  and  it’s 
fecondary  Image  AB,  have  both  the  fame 
Pofition,  that  is,  their  fimilar  Extremities  a,  A, 
and  b,  B ,  lie  towards  the  fame  Parts. 

7.  Now  it  has  been  fhewn,  that  when  an 
Objedt  appears  right  or  ereB,  it’s  Image  in 
the  Bottom  of  the  Eye  will  be  inverted ,  or 
have  a  Pofition  contrary  to  that  of  the  Ob¬ 
jedt;  (See  Chap.  II,  Art.  1,  2,  3,  4.)  and  there¬ 
fore  when  the  Image  of  an  Objedt  in  the 
Eye  is  the  fame  with  that  of  the  Objedt  itfelf, 
the  faid  Objedt  cannot  appear  right  or  ereB, 
but  inverted  or  'contrarily  pofited  to  what  it 
truly  is.  And  fuch  therefore  is  the  Pofition 
of  an  Objedt,  as  it  appears  through  a  double 
Microfcope . 

8.  The  Pofition  of  the  Objedt,  in  a  fingle 
Microfcope,  is  not  altered;  for  let  D  F  be 
the  magnifying  Lens,  and  AB  the  Objedt  in 
one  Focus,  and  QR  the  Pupil  of  the  Eye  in 

the 
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the  other  *  then,  as  hath  been  (hewn,  the  Po- 
fition  of  the  Image  AC B,  in  the  Bottom  of 
the  Eye  is  inverted ,  or  contrary  to  that  of  the 
Objedt  \  in  which  Cafe  it  will  appear  eredl>  or 
in  the  fame  Pofition  with  the  Objedt, 

9.  The  Objedt  A  B  remaining  in  the  Fo¬ 
cus  of  the  Lens  D  F,  if  another  Lens  be  in- 
terpofed  between  th?  Eye  and  the  faid  Lens 
D  F,  it  will  not  alter  the  apparent  Pofition  of 
the  Objedt,  from  which  it  is  by  the  fingle  Lens 
D  F  alone.  For  all  the  Effedt  this  will  have, 
is  only  making  the  Converging  Rays  F  E, 
D  E,  converge  the  fooner,  and  fo  fhorten  the 
focal  Diftance  o  E  ;  but  there  will  ftill  be  but 
one  Point  E,  in  which  Parallel -Rays,  which 
1  come  from  one  Part  of  the  Objedt  crofs  thofe 
which  come  from  the  contrary  Part  ;  and  con- 
j  fequently  there  can  be  but  one  Inverfion  of 
1  the  Objedt  AB,  and  therefore  the  apparent 
I  Pofition  of  the  Objedt  mu  ft  be  the  fame  as 
i  before,  whether  in  the  double  or  fingle  Mi- 
1  crofcope. 

10.  It  is  very  eafy  however  to  redtify  this 
inverted  Pofition  of  the  Objedt  in  the  double 
Microfcope,  by  the  Addition  of  two  more 
1  Lenfbs,  as  will  be  fihewn  when  we  come  to 
treat  of  Telefcopes ;  and  then  it  may  be  afked, 
Why  is  not  this  Addition  commonly  made  to 
the  Microfcope,  as  it  is  to  the  Telefcope?  I 
anfwer,  firft,  It  is  not  material  in  fmall  Ob- 
;  jedts  how  they  appear  fituated  ;  for  inftance, 
i  there  can  be  po  more  Advantage  in  feeing  the 

Head 
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Head  of  a  Mite  lie  towards  the  Right-Hand, 
than  towards  the  Left.  Secondly,  the  Object 
feen  through  4  Glaffes  will  not  be  fo  bright 
and  lively  as  through  only  2  or  3  Glaffes. 
Thirdly,  the  Difpofition  of  three  Eye- Glaffes, 
that  fhall  erect  the  Object,  will  occaiion  the 
Microfcope  to  be  enlarged,  and  will  very 
much  alter  the  prefent  commodious  and  beau¬ 
tiful  Form  thereof  for  the  worfe.  Not  to 
mention,  that  four  Glaffes  will  come  dearer 
than  two  or  there. 

11.  The  inverted  Image  may  indeed  be 
made  to  appear  right  by  two  Eye-Glaffes 
only :  for  if  the  lowermoft  D  F  be  removed 
a  little  farther  from  the  Image  A  B,  than  its 
focal  Diftance,  it  will  form  a  fecond  Image 
on  the  Side,  which  may  be  viewed  by  a  third 
Lens,  placed  at  it’s  focal  Diftance  from  that 
iecondary  Image.  But  unlefs  the  Lens  DF 
be  extremely  convex,  the  fecondary  Focus 
will  be  at  a  greater  Diftance  than  will  be  pro¬ 
per  for  this  Machine  3  belides  that,  the  Object 
will  be  very  much  coloured  and  diftorted ; 
iand,  in  Ihort,  any  Method  of  rectifying  the 
Object  will  prove  a  Remedy  much  worfe 
than  the  Difeafe. 

12.  Concerning  the  t ifble  Area ,  or  what 
is  commonly  called  the  Field  of  View  in  a 
Microfcope,  you  are  to  underftand  the  fol¬ 
lowing  Particulars  relating  thereto.  If  the 
Image  AB  be  in  one  Focus  of  the  Eye-Glafs 
D  F,  and  the  Eye  QJBL  in  the  other,  the  Eye 


/ 
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will  fee  juft  fo  much  of  the  faid  Image,  as  is 
equal  to  the  Glafs  DF,  either  in  Diameter 
or  Surface  ;  that  is,  in  fuch  a  Cafe  the  Areay 
or  Field  of  View ,  is  equal  to  the  Area  of  the 
Glafs  D  F,  or  that  Part  of  it  which  is  open. 
This  is  evident  from  Chap.  V,  Art.  5,  of  this 
Part. 

13.  But  fmce,  in  this  Cafe,  the  Pupil  of 
the  Eye  is  pofited  in  that  Point  E,  where 
Rays  coming  from  the  Extremities  of  the 
open  Part  of  the  Lens  as  D  E,  F  E,  interfedt 
each  other,  it  is  evident  the  Eye  takes  in  then 
the  greateft  Area  poffible;  and  therefore  an 
Objedt  or  Image  A  B,  which  is  greater  than 
the  open  Part  of  the  Lens  can  never  be  all 
feen  at  once,  but  one  that  is  lefs  than  the  A- 
perture  of  the  Lens  may. 

14,  If  the  Eye  be  moved  from  the  Focus 
E,  either  nearer  to  or  farther  from  the  Glafs 

j  DF,  the  vifible  Area  will  be  diminifhed ; 

and  you  will  not  difcern  fo  much  of  the 
1  Image  as  before  at  E :  For  if  it  be  moved 
I  nearer  to  the  Glafs  in  the  Axis  E  C,  it  will 
1  foon  arrive  to  a  Part  of  the  Cone  DEF, 
whofe  Diameter  is  greater  than  that  of  the 
Pupil,  and  confequently  the  external  Rays 
D  E,  and  F  E,  will  fall  without  the  Pupil, 
and  fo  the  Points  of  the  Image  A  and  B 
(whence  they  proceed)  cannot  be  feen. 

|  1 5.  If  it  approach  ftill  nigher,  it  will  leave 
i  the  Rays  g  E,  m  £,  and  then  the  Parts  A  G 

O  and 
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and  B  M  in  the  Image,  will  not  be  feen. 
In  like  manner  if  it  approach  fo  near,  that 
the  Rays  h  E,  /  E,  are  excluded,  the  Parts 
A  H  and  B  L  will  difappear ;  and  fo  the 
Image  will  vanifh  more  and  more  from  the 
Sight,  till  the  Eye  comes  to  be  upon  the 
Glafs,  and  then  it  will  perceive  no  more  of 
the  Image,  than  is  equal  to  the  Pupil  of  the 
Eye.  And  it  is  eafy  to  apprehend,  that  thes 
fame  things  will  happen  if  the  Eye  be  re¬ 
moved  farther  off  in  the  Cone  A  E  B. 

16.  The  Eye  by  being  moved  tranfverfely 
through  the  Cone  of  Rays  D  E  F  or  A  E  Byn 
will  fucceffively  view  all  the  Parts  of  the:: 
Image  AB  ;  for  fuppofe  it  enter  the  Cone: 
D  E  F,  on  the  Side  D  E,  it  will  fucceffively 
take  in  the  Rays  D  E,  g  E,  h  E,  &c.  which,,, 
at  the  fame  Time,  render  vifible  the  Points 
D»  g,  &c.  in  a  diredt  Order.  But  if  thel 
Eye  enters  the  Cone  BE  A,  on  the  Side 
B  E,  in  paffing  through  it,  it  will  indeed 
fucceffively  view  all  the  Parts  of  the  Image 
A  B,  but  in  an  inverfe  Order,  viz.  from  B 
towards  A. 

17.  I  would  add  one  thing  for  the  Sake  oi 
thofe  who  make  Microfcopes,  and  that  is, 
that  the  Focus  E,  or  Vertex  of  the  Cone 
DEF,  fhould  arife  fo  far  above  the  Top  of 
the  Microfcope,  that  when  it  is  applied  to 
view,  it  may  be  capable  of  receiving  and  ad- 
Ju fling  the  faid  Focus  E  to  the  Pupil,  for 

then: 
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then  only  (as  has  been  fhewn)  it  takes  in  the 
greateji  Area ,  or  Field  of  View. 

18.  What  I  have  faid  with  Refpedt  to 
the  vifible  Area ,  is  for  a  Microfcope  with  a 
tingle  Eye-Glafs  D  F  $  but  what  relates  to 
the  greateft  vifible  Area  in  a  Combination  of 
two  Eye-Glafles,  or  how  the  optic  Angle 
is  vaftly  amplified  thereby,  is  taught  in  the 
laft  Chapter. 
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CHAP.  IX. 

Of  the  Nature  and  EJfeEls  of  a  com¬ 
pound  Microfcope ,  with  a  double 
Concave  Eye-Glafs . 

i.  TH  H  E  Conftru&ion  of  this  Microfcope 
g  is  reprefented  in  Fig.  i,  of  Plate 
XXV.  Where  ab  is  the  Objed,  and  df  the 
Objed-Lens,  as  before.  But  the  feveral  Pen¬ 
cils  of  Rays  ad  A  fa,  bdBfb,  &c.  which, 
in  the  Microfcope  with  a  Convex  Eye-Glafs, 
formed  the  Image  A  C  B,  are  in  this  Cafe,  by 
the  Interpofition  of  the  double  Concave  DEF, 
made  to  diverge  ftill  more  towards  the  Parts 
K  and  L  ;  according  to  what  has  been  taught 
of  a  double  Concave  Lens  in  the  Theory. 

2.  It  has  been  alfo  fhewn,  that  if  any  Rays 
d  E  f  fall  converging  on  a  double  Concave: 
DEF,  placed  at  the  Diflance  of  the  Radius; 
from  the  Focus  C  of  thofe  Rays  or  Point, 
towards  which  they  converge  ;  •  then  thofe: 
Rays  will  be  fo  refraded  by  the  faid  Concave,, 
^s  to  become  parallel  afterwards,  and  fo  fit  to> 
produce  dijlinft  Vijion .  The  like  is  to  be  un- 
derftood  of  the  Ray  $  dDf,  and  dFf;  and 
therefore, 
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3.  A  double  Concave  DEF,  placed  at  the 
Distance  of  the  Radius  below  the  Focus  ACB, 
of  the  Rays  proceeding  from  the  Lens  d  f, 
will  equally  caufe  a  Parallelifm  of  thofe  Rays 
by  Refradtion,  with  a  double  Convex  G  H  I, 
placed  at  the  Diftance  of  the  Radius  above  it. 
And  confequently  Ao,  the  diftindt  Vifion  of 
the  Objedt  ab,  whence  thefe  Rays  proceed, 
will  be  produced  by  a  double  Concave  thus 
pofited,  as  by  the  double  Convex  Eye-Glafs. 

4.  Let  us  fuppofe  the  Rays  ad,  bf,  after 
they  are  refradted  by  the  Lens  d  f,  pafs  pa¬ 
rallel  to  the  Concave  D  F ;  then  becaufe  d  D, 
and  f  F,  are  parallel,  they  will  be  fo  refradted 
into  DK  and  FL,  that  thofe  Rays  DK,  FL, 
being  produced  below  the  Concave,  fhall  meet 
in  a  Point  B  in  the  Axis,  which  is  the  Center 
of  Concavity ;  from  what  has  been  {hewn  in 
the  Dodtrine  of  Concaves.  This  Point  B 
therefore  will  be  the  Focus  in  which  the 
Image  ABC ,  of  the  Objedt  acb,  will  be 
formed,  and  rendered  vifible  to  the  Eye. 

5.  The  fame  things  fuppofed,  let  AC,  A B, 
be  drawn  thro’  the  V ertex  of  the  Concave  E, 
from  each  Extremity  of  the  Image  A  C ;  and 
becaufe  the  Diftance  E  5,  EC,  are  equal, 
therefore  the  vifible  Image  ABCy  will  be  equal 
to  the  virtual  Image  ACB;  or  it  will  appear 
under  an  Angle  A 'EC,  equal  to  the  Angle 

;  A  E  B.  Wherefore, 

6.  Since  the  virtual  Image  AB,  fubtends 
the  Angle  A  e  B,  under  which  the  Objedt  a  b 

O  3  appears 
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appears  by  the  Lens  d  f ;  and  the  Angle  A  E  B, 
under  which  it  appears  by  the  Concave  D  F, 
the  Objedt  will  be  magnified  in  the  Propor¬ 
tion  of  thofe  Angles  j  that  is,  the  Objedt  ab 
will  be  to  the  Image  A B,  (or  AC)  as  the 
Diftance  EC  (or  EZ?)  to  the  Diftance  Ee. 
See  Chap.  II.  Art.  9,  of  this  Part. 

7.  Hence  it  follows,  that  if  the  Radius  of 
an  equally  Concave  Eye-Giafs  D  F,  be  equal 
to  the  Radius  of  an  equally  Convex  Eye- 
Glafs  G  I,  the  Power  of  magnifying  will  be 
the  fame  in  both  with  the  fame  Objedt-Lens 
d f :  For  fince  E B  or  EC  is  equal  to  C  H, 
by  fuppofition  ;  the  Angle  AECy  or  A  E  B, 
will  be  equal  to  the  Angle  A  H  B.  But  fince 
the  optic  Angles  are  equal  from  either  Glafs, 
the  Power  of  magnifying  muff  be  fo  too. 

8.  Since  the  Pencils  of  Rays  bF  and  a  D, 
tend  towards  the  fame  Parts,  where  the  Ex¬ 
tremities  of  the  Objedt  lie  from  whence  they 
proceed,  after  they  are  refradted  by  the  Con¬ 
cave  D  F,  the  Eye  will  perceive  the  Pofition 
of  the  Image,  to  be  the  fame  with  that  of  the 
Objedt,  and  not  inverted ,  as  by  a  Convex 
Eye-Glafs,  wherein  the  Image  is  feen  by  Rays 
which  crofs  or  interfedt  each  other  before  they 
enter  the  Eye. 

9.  Since  the  Rays,  after  they  are  refradled 
through  the  Concave  D  F,  pafs  on  more  di¬ 
verging,  it  is  eafy  to  underhand,  that  an  Eye 
placed  any  where  over  the  faid  Glafs,  can 
perceive  only  that  Part  of  the  Objedt,  whence 

O  thofe 
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thofe  Rays  which  enter  the  Pupil  do  proceed  ; 
thus,  if  the  Eye  receive  the  Rays  F  L,  it  will 
fee  the  Part  b ;  if  the  Rays  D  K,  it  will  fee 
the  other  extreme  a,  but  if  the  Eye  take  in 
the  middle  Rays  E  C,  the  middle  Part  C  of 
the  Object  will  only  be  vifible. 

10.  Hence  it  appears  that  the  vifible  Area, 
or  Field  of  View  in  this  Microfcope,  is  in 
Proportion  to  the  Magnitude  of  the  Pupil  of 
the  Eye  and  the  Denfity :  For  as  the  Pupil 
is  greater  or  lefler,  fo  a  greater  or  lefifer  Quan¬ 
tity  of  Rays  will  enter  it ;  and  confequently 
the  vifible  Area,  or  Part  of  the  Gbjedt,  will 
be  proportionably  greater  or  lefs. 

11.  Again,  in  Regard  of  the  Denfity  of 
Rays,  it  is  evident  the  Pupil,  placed  where 
they  are  moil  denfe,  will  colledt  moll  Rays, 
and  therefore  fee  the  largeft  Part  of  the  Ob¬ 
ject  pofiible,  and  that  is  at  the  Concave  Sur¬ 
face  of  the  Lens  itfelf.  For  as  the  Rays  di¬ 
verge  from  thence,  they  grow  more  rare,  and 
fo  the  higher  the  Eye  is  raifed  above  the 
Glafs  D  F,  the  leffer  Quantity  of  Rays  it  will 
colled!,  and  confequently  the  more  will  the 
vifible  Area  of  the  Gbjedt  be  diminifhed. 

12.  In  order  to  compute  the  vifible  Area  of 
the  Gbjedt  by  this  Microfcope,  let  P  P  be 
the  Diameter  of  the  Pupil  of  the  Eye,  (Fig. 
2.)  applied  as  near  the  Concave  DF  as  pof¬ 
iible,  d  f  the  Objedt-Lens,  and  A  B  the  Ob- 
jedt.  From  P,  P,  thro’  the  Center  e,  of  the 
Lens  d  f,  draw  the  Lines  Pa,  P b,  thefe  will 

O  4  cu^ 
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cut  the  Objed  in  the  Points  a  and  b;  and 
fo  a  b  will  be  the  Diameter  of  the  vifible  Area 
of  the  Objed  A  B.  Suppofe  the  Objed, 
Lenfes,  and  Pupil,  all  parallel  to  one  another; 
it  will  be,  As  the  Dijlance  of  the  Concave  D  F, 
from  the  Lens  df,  is  to  the  Difiance  of  the 
Object  A  B  ;  is  the  Diameter  of  the  Pupil 
PP,  to  the  Diameter  of  the  vifible  Area  a  b. 

13.  And  therefore,  for  Example,  If  the 
Diftance  of  the  Concave  be  3  Inches,  and 
that  of  the  Objed  £  an  Inch,  and  the  Dia¬ 
meter  of  the  Pupil  ~  of  an  Inch  ;  the  Ana¬ 
logy  will  be,  As  3  :  h  :  :  —  :  ~  =  the  Dia¬ 
meter  ab,  of  the  vifible  Area  of  the  Objed. 
Now,  as  in  this  Cafe,  this  Diameter  is  6  times 
lefs  than  that  of  the  Pupil,  the  whole  circular 
vifible  Area,  will  be  but  one  36th  Part  fo  big 
as  the  Pupil  of  the  Eye.  If  the  Power  ot 
magnifying  were  allb  6  times,  then  the  appa¬ 
rent  or  vifible  Area  in  the  Image,  would  be 
juft  equal  to  the  Pupil  of  the  Eye. 

14.  Since  thefe  Microfcopes  are  capable  of 
exhibiting  but  fo  very  fmall  a  Part  of  the  Ob¬ 
jed,  they  are  never  ufed  ;  in  as  much  as  the 
Convex  Glaffes  magnify  as  much,  and  take  in 
a  vaftly  larger  Area,  which  gives  a  Pleafure 
always  in  Proportion  ;  for  the  more  we  can 
view,  at  once,  the  more  we  are  delighted  with 
the  View.  Indeed  there  is  nothing  to  be  laid 
for  the  Ufe  of  Concaves  in  Microfcopes,  but 
the  fhortening  of  the  Inftrument:  For  fup- 
pollng  the  Eye-Glaffes  of  equal  focal  Lengths, 
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that  is,  EC  =  C  H,  it  is  plain  from  the  Fi¬ 
gure,  and  what  has  been  taught,  that  the 
Eye  in  view  with  the  Concave,  is  nearer  to 
the  Gbjed-Lens  d  f,  than  it  is  in  viewing 
with  the  Convex,  by  3  times  the  focal  Length 
of  the  faid  Eye-Glaffes. 


CHAP.  X. 


Mi- 


1.  HESE  Microfcopes  differ  from  the 


common  Sort,  principally  in  this ; 


that  whereas  they  con  lift  wholly  of  Lenfes ,  and 
perform  all  their  Effeds  by  Refraction ,  thefe 
are  conftruded  with  one  or  more  Speculums 
and  Lenfes  conjointly ,  and  perform  their  Effeds 
partly  by  Refection ,  and  partly  by  Refraction . 
Qf  thefe  there  are  two  Sorts,  viz, 

2.  The  firft  Sort  is  that  reprefented  in 
Fig.  3.  Plate  XXV.  Where  inftead  of  the 
Lens  d  e  f,  there  is  placed  a  fmall  Speculum 
def'y  the  Objed  ach  being  placed  above  it, 
at  a  little  greater  Diftance  than  the  Focus 
has  it’s  Image  ACB  formed  by  Refledion,  as 
in  the  other  Cafe  it  was  by  Refradion  thro* 
the  Lens  df.  Now  if  we  fuppofe  the  focal 
Diftance  of  the  Objed-Speculum  def  and 


Lens 
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Lens  def  the  fame,  the  EfFedt  of  the  Micro- 
fcope  will,  in  other  Refpedts,  be  the  fame 
alfo.  J 

3.  For,  (1.)  The  Diftance  of  the  Objedt 
a  b  above  the  Speculum,  will  be  equal  to  the 
Diftance  of  the  Object  ab  below  the  Lens, 
in  order  that  the  Image  may  be  formed  at 
the  fame  Diftance  Ce.  (2.)  T he  P option  of  the 
ObjeCi  will  be  inverted ;  for  all  the  Rays  flow¬ 
ing  from  the  Point  a ,  will  be  refiedted  by  the 
Speculum  to  the  Point  A,  in  the  fame  Man¬ 
ner  as  if  they  came  by  Refradtion  through  the 
Lens  from  the  Point  a ;  thus  the  Part  b  in  the 
Objedt,  will  be  refiedted  to  the  Focus  B  in 
the  Image,  which  therefore  is  inverted.  (3.) 
The  Power  of  magnifying  will  aljo  be  the  fame 
in  both.  For  fince  the  Image  A  B,  and  the 
Objedt  a  b ,  are  feen  under  equal  Angles,  from 
the  Vertex  e  of  the  Speculum,  the  Triangles 
aeb  and  AeB  will  be  fimilar  $  and  therefore 
A  B  :  a  b  :  :  Ce  :  ce ;  but  in  the  other  it  is, 
A  B  :  ab  :  :  Ce  :  ce.  But  the  latter  Ratio  of 
thefe  Analogies  are  the  fame  in  both,  and  con- 
fequently  the  firft  are  fo  too. 

4.  This  Microfcope  is  not  fo  eafy  to  ma¬ 
nage  as  the  common  Sorts  for  Vifion,  by  Re¬ 
flection,  as  it  is  much  more  perfedt,  fo  it  is 
far  more  difficult  than  that  by  Refradtion. 
Nature  fells  her  beft  Commodities  at  very 
great  Prices  generally.  Nor  is  this  Micro¬ 
fcope  fo  ufeful,  for  any  but  very  fmall  or 
tranfparent  Objedts  s  for  the  Objedt  being 

between 
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between  the  Speculum  and  Image,  would,  if 
it  were  large  and  opake,  prevent  a  due  Re- 
fledtion.  ' 

5.  To  make  this  Microfcope  anfwer  well, 
the  following  Things  mull  be  obferved.  (1.) 
The  focal  Diftance  of  the  Speculum  ought  to 
be  ii  or  2  Inches.  (2.)  The  Diameter  or  A- 
perture  df,  \  Inch*  (3.)  The  fmall  Specu¬ 
lum  fhould  be  placed  in  the  Center  of  a  larger 
one,  inclined  to  the  Bottom  of  an  open  Tube 
in  an  Angle  of  45  Degrees,  that  fo  the  Objedt 
may  be  illuminated  by  the  Light  reflected 
therefrom.  (4.)  In  the  Place  where  the  Image 
A  B  is  formed,  fhould  be  placed  a  Diaphragm 
of  Wood,  as  O  P,  with  a  Hole  QR,  of  fuch 
Size  as  to  exclude  all  the  imperfedt  Margin 
of  the  Objedt,  or  Field  of  View,  and  exhibit 
only  the  mod  perfedt  and  diftindt  Part  there¬ 
of.  (5.)  The  Eye-Glafs  DF  may  be  1  I 
Inch  focal  Diftance,  and  ftiould  be  10  or  12 
Inches  diftant  from  the  Speculum  df  (6.) 
Laftly,  the  Aperture  or  Hole  in  the  Eye, 
Plate,  or  Piece  at  Y,  fhould  be  juft  as  big  in 
D  iameter,  as  the  principal  Pencil  C  E,  viz* 
equal  to  m  n>  which  is  eafy  to  define ;  for 
fince  the  Triangles  dCf  and  mCn  are  fimi- 
lar;  it  will  be  as  Ce  :  CE  : :  df:  mn ,  which 
therefore  is  known. 

6.  The  fecond  Sort  of  Refledting  Micro¬ 
scopes,  is  that  of  Fig.  4.  Plate  XXV  whofe 
Performance  is  by  two  Reflexions,  and  one  Re- 
fraXion  \  and  is  the  Invention  of  Dr  Smith , 

Profeffor 
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Profeftor  of  Aftronomy,  &c.  at  Cambridge : 
the  Theory  and  Conftrudion  of  which  follow. 

7.  AD  is  a  large  Concave  Speculum ,  and 
ad  a  fmall  Convex  one ;  each  perforated  in  the 
middle  with  the  Holes  BC,  be:  Both  thefe 
are  Segments  of  the  fame  Sphere,  or  ground 
on  Tools  of  an  equal  Radius,  viz.  of  2  Inches, 
that  fo  the  focal  Diftance  of  each  Speculum 
may  be  juft  one  Inch. 

8.  Thefe  two  Specula  are  placed  at  the 
Diftance  of  about  1  i  Inch  from  each  other, 
that  fo  an  Gbjed  O  P  being  placed  a  little 
bdow  the  nether  Speculum  might  be  be¬ 
tween  the  Focus  F,  and  Center  E,  of  the 
larger  Speculum.  Things  thus  conditioned, 
the  Rays  PA,  PD,  which  flow  from  the 
Point  Pin  the  Gbjed,  on  the  Speculum  AD, 
will  be  refleded  towards  a  Focus  p,  where 
an  Image  opq  would  be  formed,  if  the  Rays 
were  not  intercepted  by  the  Convex  Speculum 
a  d,  and  the  Pointy  being  nearer  than  it’s  Fo¬ 
cus  f,  the  Rays  A  a,  Dd,  which  tend  or  con¬ 
verge  towards  it,  will  be  refleded  to  a  Focus 
P,  where  the  laft  Image  O  P  will  be  form¬ 
ed,  to  be  viewed  through  the  Eye-Glafs  G, 
by  the  Eye  at  I. 

9.  Such  being  the  Strudure  of  this  Micro- 
fcope,  the  Effeds  thereof  may  be  explained 
as  follows.  Becaufe  the  Objed  and  Image  is 
feen  from  the  Vertex  V  of  the  Concave  Spe¬ 
culum,  under  the  fame  or  equal  Angles  O  V 
and  oVq>  therefore  (fuppofing  the  Speculum 
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ad  away)  the  Object  OQ^would  be  to  it’s 
Image  oq ,  as  V  P  to  V  py&  nd  fo  the  Object 
is  not  much  magnified  by  the  large  Concave, 
which  is  not  the  Defign  of  it,  but  to  give  the 
Rays  a  proper  Degree  of  Convergence  on  the 
leffer  or  Convex  Speculum  a  d,  for  the  Pur- 
pofe  of  magnifying. 

10.  For  the  Image  opqy  is  now  to  be  con- 
fidered  as  a  virtual  Objedt  to  the  real  Image, 
formed  in  the  Focus  P,  by  Rays  reflected  from 
the  Convex  Speculum  ad.  And  fince  by  the 
Theory,  the  Objedt  and  Image  appear  under 
equal  Angles  at  the  Center  of  any  Speculum, 
if  from  e,  the  Center  of  the  Speculum  ad,  be 
drawn  the  Rays  e q and  eoO;  then  fhall 
OP ^  be  the  laft  magnified  Image  of  the 
Ob]edt  OPQ^  Which  feen  by  the  Eye  I, 
through  the  Eye-Glafs  G,  is  to  the  Objedt 
O  P  feen  by  the  Eye  at  the  Diftance 
of  fix  Inches,  in  the  compound  Ratio  of 

6  x  Vp  x  e  P 

V P  *  e/>  *  PG* 

11.  For,  (i.)  The  Objedt  OPQJs  feen  by 
the  naked  Eye,  at  the  Diftance  of  6  Inches, 
under  an  Angle,  which  is  to  the  Angle  OVQ, 
under  which  it  is  feen  from  the  Vertex  of  the 
Speculum  AD,  as  VP  to  6  and  fo  the  firft 

Ratio  of  magnifying  is  r^-p  (2.)  The  Image 

iopq  is  to  be  confidered  now  as  an  Objed, 
and  the  Angle  0  V  upder  which  it  is  feen 

from 
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from  the  Vertex  of  the  Mirrour  AD,  is  to 
the  Angle  oeq,  under  which  it  appears  from 
the  Center  of  the  Mirrour  ad,  as  ep  to  p  V, 
and  fo  the  fecond  Ratio  of  magnifying  is 
Vp 

• — •  (3.)  The  Image  OP^  appears  under 

ep 

an  Angle,  at  the  Eye-Glafs  G,  which  is  to 
the  former  Angle  Q^eO,  as  e^to  PG,  and 
therefore  the  third  Ratio  of  magnifying  is 

e  P 

.  And  fo  the  whole  Power  of  magnify- 

jPG 

ing  is  exprelfed  by  a  Compofition  of  thefe 

6  Y p  eP 

Ratios,  tos. 


x 


VP  ep  PG 

12.  To  exemplify  this,  fuppofe  the  Diftance 
of  the  Mirrours  Vv  =  1.6,  and  that  *uP  = 
0.1143,  f°  that  V  P  =  1,7143;  then  will 

6 

the  firft  Ratio  be  - .  Then  having  the 

Diftance  VP  of  the  Objedt,  that  of  the 
Image  Vp  will  be  found  =  2,4;  by  Theor. 
14,  of  the  Theory.  And  therefore  we  have 
ep  =  1.2  ;  and  fo  the  fecond  Ratio  will  be 

Vp  2,zt 

—  =■  — -  =  2.  Laftly,  having  the  Diftance 
ep  1,2 

of  the  Objedt  vp  from  the  Convex  Mirrour 
=  0,8 ;  we  fliall  find  the  Diftance  of  the 
Image  isP  _=  4,  by  Theor.  10,  of  Catoptrics ; 

and 


a^>.X£Y. 


*  * 


<  . .  ‘  f  ****  »  „ 

_ k  ^  -  «M  *  «  *  « 

6  -*:v*-:  :% 


5^/.  3. 
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and  therefore  the  third  Ratio  is  —  ==  — 

PG  o,s 

if  we  fuppofe  the  focal  Diftance  P  G,  of  the 
Eye-Glafs  G,  to  be  i  an  Inch.  So  that  the 

6 

whole  Power  of  magnifying  will  be  - - — 

43 


x  2  x  —  —  56  3  that  is,  the  Qbjedt  will 

°>5 

be  magnified  56  times  by  this  Microfcope. 

13.  But  the  Author  of  this  Microfcope 
fuppofes  the  Objedt  to  be  at  8  Inches  from 
the  naked  Eye,  for  diftindt  Vifion  ;  and  alfo 
that  by  fuch  a  Combination  of  Speculnrns, 
the  Confufion  arifing  from  an  Aberration  of 
Rays  is  fo  far  avoided,  that  an  Eye-Glafs  G 
may  be  ufed,  whofe  focal  Diftance  PG  is  not 
greater  than  0,18,  or  0,15  of  an  Inch,  and 
that  then  the  Microfcope  will  magnify  300 
times.  They  that  will,  may  fee  a  great  deal 
concerning  the  Stru&ure  and  Dimenfion  of 
Parts,  with  all  the  necefiary  Cautions  for 
Workmen  in  fitting  up  fuch  a  Microfcope,  in 
the  Author’s  Remarks  on  his  Treatife  of  Op¬ 
tics,  from  Page  87  to  97. 

14.  This  Microfcope  being  fo  near  allied  to 
the  Refledfing  Telefcope  in  it’s  Nature,  that 

1  what  might  be  here  further  laid  with  Refpedt 
to  the  Aberration  of  Rays,  &c.  will  be  referred 
to  thole  Chapters,  wherein  the  Theory  of  thefe 

I  Telelcopes  is  more  perfedtly  confidered. 

I "  CHAP., 


[  2  24  ] 


CHAR  XL 

Of  Telefcopes  in  general ;  and  of  the 
common  Dioptric  Telefcope  in  parti¬ 
cular . 

I.  Hip  H  E  'Telefcope  is  the  next  principal  and 
|[  moft  ufeful  optical  Inftrument.  The 
Word  is  of  Greek  Derivation,  and  fignifies, 
5 The  Perfection  of  the  Sight  or  View .  For  as 
our  Sight,  at  beft,  extends  not  far  with  Di- 
ftindtnefs,  fo  moft  Bodies  lituated  on  the 
Earth,  and  all  thole  in  the  Heavers,  are  fo 
remote  from  the  Eye,  that  unlefs  it  were  af- 
lifted  with  a  proper  Inftrument,  it  would  be 
uncapable  of  a  nice,  diftindt,  and  compleat 
View,  and  fo  we  could  never  be  able  to  form 
any  juft,  regular,  or  adequate  Ideas  of  thofe 
Objedts,  or  their  Parts,  Forms,  Colours,  Mag¬ 
nitudes,  &c. 

2.  But,  by  means  of  the  Telefcope,  re¬ 
mote  Objedts  are  made  to  feem  near,  fmall 
apparent  Magnitudes  are  enlarged,  confufed 
Objedts  are  rendered  diftindt,  and  the  invifible 
and  obfcure  Parts  of  very  diftant  things,  are 
brought  out  to  Sight,  and  rendered  clear  to 
the  View;  which  therefore  it  greatly  perfe£lsy 
tod  merits  the  Name  it  bears  with  the  greateft 
Propriety. 

3-  Of 
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3.  Of  Telefcopes  there  are  two  Kinds,  ac¬ 
cording  to  the  two  different  Sorts  of  Vifion, 
viz.  by  Refraction  through  Lenfes,  and  Re¬ 
flection  from  Mirrours.  The  Telefcope  there¬ 
fore  which  is  conftruded  with  Lenfes,  and 
performs  it's  Effects  wholly  by  refradted  Light, 
is  called  a  Dioptric  Telefcope  ;  and  is  that  in 
common  Ufe.  But  the  other  Kind  of  Tele¬ 
fcope  performs  it’s  Effedls  partly  by  Refection , 
and  partly  by  RefraBion ,  and  therefore  is 
compofed  of  Mirrours  and  Le?jfes  jointly  on 
which  Account  it  is  called  a  Cata-dioptric  \ Te - 
lefcope ,  or,  moft  commonly,  a  Reflecting  Te- 
lefcope. 

4.  The  ,  effential  Parts  of  a  Dioptric  'Tele¬ 
fcope  arj  two  Lenfes,  AB  and  EY  j  (See 
Fig.  1.  Plate  XXVI.)  of  which  AB  is  called 
the  Objedt-Glafs,  and  E  Y  the,  Eye-GJafe, 
for  the  Reafons  thofe  were,  in  the  Micro- 
fcope,  fo  called,  Thefe  two  Glades  are  fo 
combined  in  a  Tube,  that  the  Focus  of  each 
is  coincident  in  the  fame  Point  F  between 
them. 

5.  This  being  understood,  let  O  B  be  a 
vaftly  diftant  Object ;  the  Rays  then  which 
come  from  it  to  the  Objedt-Glafs  will  be  near¬ 
ly  parallel  Suppofe  two  of  thefe  Rays  be 
Oi,  and  B  By  thefe  Rays  in  palling  through 
the  Glafs  AE,  will  be  made  to  converge  to 
it’s  focal  Point  F,  where  they  interfedt  each 
other,  and  pafs  on  to  the  Eye-Glafs  EY  >  but 
F  being  alfo  the  Focus  of  the  Glafs  E  Y,  thefe 

P  in 
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in  pafiing  it  will  be  again  made  parallel,  and 
fo  entering  the  Eye,  will  produce  dijiincl  Vi - 
fion  of  the  diftant  Objedi  OB,  according  to 
the  theory. 

6.  The  Eye  fees  it  alfo  magnified ;  for  O  E 
being  vaftly  diftant,  the  Length  of  the  Tele- 
fcope  is  inconfiderable  in  Regard  of  it;  anc  j 
therefore  fuppofing  the  Eye  viewed  from  th< 
Center  of  the  Objedt-Glafs  C,  it  would  fee  in 
under  the  Angle  OCB  ;  let  O  C  and  B  C  ,b< 
produced  to  the  Focus  of  the  Glafs,  they  wil 
there  limit  the  Image  I M,  of  the  Objed 
formed  in  the  faid  Focus.  From  the  Extre: 
mities  of  the  Image  I  M„  let  the  two  paralle 
Rays  proceed  to  the  ocular  Lens  E  Y,  theft 
will  be  converged  in  it’s  Focus  D,  and  thi 
Eye  will  there  fee  the  Image  under  the  Angll 
EDY  ;  all  which  is-  evident  from  the  Princi 
pies  before  laid  down. 

7.  Therefore  the  apparent  Magnitude  c 
the  Objedt,  feen  by  the  naked  Eye,  is  to  tha 
which  is  viewed  in  the  Telefcope,  as  th 
Magnitude  of  the  Angle  OCB,  or  I  CM, 
to  that  of  the  Angle  EDY,  or  IGM:  (ft: 
fince  GD=  GF,  and  I M  =EY,  thi 
Angle  EDY  =  IGM)  But  the  Angle  IG]V 
is  to  the  Angle  I  CM,  as  C  F  to  F  G.  (b: 
Art.  9.  Chap.  II.  of  this  Part.)  Therefore  thi 
Magnitude  of  the  Qbjedt  by  the  naked  Ey< 
is  to  that  by  the  Telefcope,  as  CF  to  F  G 
that  is,  as  the  focal  Length  of  the  Objedl-Glaj 
to  the  focal  Length  of  the  Eye -Glafs. 


3.  Th 
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8.  The  Objed  will  alfo  appear  inverted  by 
this  Telefcope,  in  the  Focus  IM,  the  Reafon 
of  which  has  been  explained  in  the  Conftruc- 
tion  of  the  Micmfcope  with  a  Angle  Eye- 
Glafs,  and  is  evident  from  the  Scheme  itfelf. 
And,  in  fhort,  they  who  underftand  the 
Dodrine  or  Theory  of  the  Microfcope,  mud  >' 
needs  know  that  of  the  Telefcope,  becaufe 
the  Analogy  of  Conftrudion  in  both  is  fo 
very  much  the  lame. 

9.  As  to  the  Power  of  magnifying  by  thefe 
Telefcopes,  it  appears  from  the  foregoing  Pro¬ 
portion,  (Art.  7.)  to  be  capable  of  vaft  Aug¬ 
mentation  ;  becaufe  the  focal  Length  of  the 
Objed-Glafs  C  F  may  be  vaftly  increafed,  in 
Regard  of  the  focal  Length  of  the  Bye-Glafs 
F  G,  in  the  lengthening  of  the  Inftrument* 
Thus,  if  C  F  —  36  Inches,  and  F  G  =  1  Inch, 
this  Inftrument  will  magnify  the  Diameter  of 
Objeds  36  times,  their  Surfaces  1296  times, 
and  their  Solidity  46,656  times. 

10.  If  now  you  would  enlarge  the  Tele¬ 
fcope,  and  chufe  an  Objed-Glafs  10  Feet  Fo¬ 
cus,  or  120  Inches,  the  focal  Length  of  an 
Eye-Glafs  of  about  2  Inches,  will  be  fuffi- 
cient  s  and  then  will  the  Diameter  of  Objeds 
be  magnified  60  times,  their  Surfaces  3600 

|  times,  &c.  which  is  vaftly  more  than  the  for¬ 
mer,  and  yet  the  Objed  nearly  as  diftind. 

11.  Again,  if  you  would  ufe  an  Objed- 
I  Glafs  of  40  Feet  focal  Length,  you  fit  there- 
;  to  an  ocular  Lens  of  3  i  Inches  $  and  then 

P  2  will 
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will  fuch  a  Tube  magnify  the  Diameters  oil 
Bodies  (with  the  fame  Diftindtnefs)  near  14c 
times.  If,  laftly,  the  Length  of  the  Focus 
in  the  Qbjedt-Glafs  be  100  Feet,  or  120c 
Inches,  then  an  Eye-Glafs  of  5  £  or  6  Inches  ! 
Focus  will  be  fufficient;  and  fuch  an  one  will  | 
magnify  the  Diameter  of  Objects  200  times; 
the  Surfaces  40000  times  ;  and  the  Solidity 
T  8,oootooo  times ;  which,  though  it  is  fo  pro¬ 
digious  an  Effedt,  has  been  exceeded  by  Te- 
lefcopes  of  this  Sort  made  by  fome  Artifts  ; 
particularly  that  of  Mr  Huygens ,  which  was: 
120  Feet  long. 

12.  But  then  thefe  very  long  Telefcopes 
magnifying  fo  much,  are  not  fit  for  viewing 
Objedts  on  the  Earth,  becaufe  they  have  not 
Light  enough  when  thus  magnified,  to  render 
their  Images  vifible.  For  fuppofe  of  two  Te¬ 
lefcopes,  one  magnifies  10  times  as  much  as 
the  other,  then  in  the  focal  Space  or  Area, 
there  will  be  10  times  iefs  in  Diameter  (and 
confequemly  100  times  lefs  in  Surface)  of  the 
Objedt  reprefen  ted  by  the  greater  Magnifier, 
than  by  the  lefier;  but  the  Light  on  the  Sur¬ 
face  of  the  Object  being  the  lame,  it  is  plain 
the  Quantity  of  Light  in  th t  focal  Area ,  (ol 
the  fame  Dimen  (ions  in  each  Tube)  will  be 
100  times  lefs  in  the  great  Telefcope,  than  in 
the  fmall  one;  and  therefore  a  Telefcope  a- 
bove  6  or  8  Foot  Ions;,  is  not  fit  for  terreftrial 
Ufes. 


13,  What 
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13.  What  has  been  faid  about  the  Illumi¬ 
nation  of  the  Image  in  the  Telefcope,  fup- 
pofes  the  Aperture  of  the  Objeft-Lens  to  be 
the  fame  in  both  the  Tubes  5  but  when  the 
Tube  is  to  be  enlarged,  it  will  bear  a  greater 
Aperture  alfo,  and  will  therefore  admit  of 
more  Light;  thus  if  a  Tube  of  4  Feet  may 
have  an  Aperture  of  1  Inch,  a  Tube  of  30 
Feet  will  admit  of  an  Aperture  of  3  Inches. 
But  the  Light  entering  by  thefe  Apertures, 
will  be  as  the  Squares  of  their  Diameters;  that 
is,  as  1  to  9 ;  or  9  times  more  Light  will  en¬ 
ter  the  Aperture  of  the  greater  Lens,  than 
that  of  the  leffer ;  but  then,  fmce  the  Image 
of  Obje&s,  by  the  greater  Lens,  is  to  that 
formed  by  the  leffer,  as  30  to  4  in  Diameter  y 
they  will  be  in  Surface,  as  900  to  16,  or  as 
55  |  to  1 ;  and  therefore  the  Light  on  the 
fame  Area  of  the  Image,  will  be  55  times 
lefs  in  the  greater  Tube,  than  in  the  leffer 
one;  therefore  the  Light  in  thefe  two  Tele- 
fcopes,  will  be  as  9  to  55  nearly ;  that  is, 
above  6  times  greater  upon  the  Image  in  the 
leffer,  than  in  the  larger  one. 

14.  Since  the  Power  of  magnifying ,  is  the 
I  Proportion  of  the  focal  Length  of  the  Objedl 

and  Eye-Glaffes,  and  this  Proportion  being  to 
be  varied  in  any  Degree,  in  any  Length  of  a 
Telefcope,  it  may  feem  ftrange  that  a  fhort  Te- 
lefcope  will  not  anfwer  that  Purpofe,  as  well 
as  a  long  one.  But  they  who  thus  think,  muff 
confider,  that  if  the  Power  of  magnifying  be 

P  3  augmented. 
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augmented,  the  Length  of  the  Telefcope  be¬ 
ing  the  fame,  it  is  neceflary  to  diminifh  the 
focal  Length  of  the  Eye-Glafs  in  the  fame 
Proportion  but  this  can’t  be  done  by  reafon 
of  the  great  Condition  of  Colouring  and  Di- 
ftortion  of  the  Image,  on  Account  of  the  too 
great  Convexity  of  the  ocular  Lens  in  fuch  a 
Cafe. 

15.  For  fuppofe  in  a  Telefcope  of  3  Feet, 
the  Power  of  magnifying  be  as  — ,  (See  Art.  9.) 
if  you  would  augment  this  Degree  of  magni¬ 
fying  5  times,  (viz.  makes  it  as  —)  then 
mult  you  have  an  Eye-Glafs  not  above  5  of 
an  Inch  focal  Length,  and  this  would  be  fo 
very  fmall  as  to  admit  of  an  Aperture  not 
bigger  than  the  Pupil  of  the  Eye,  nor  would 
the  Aperture  of  the  Objedt-Glafs  admit  of 
Light  enough  to  illuminate  the  Ghjedh  On 
both  which  Accounts,  the  Defign  and  Ufe  of 
a  Convex  ocular  Lens  would  be  fruftrated. 

16.  But  fuppofe  you  require  it  to  magnify 
but  twice  as  much  as  before,  viz .  that  the 
Power  be  as  7  I  ^  even  this  can’t  be  done  con¬ 
veniently  for  the  fame  Length  of  the  Tube. 
For,  (1.)  The  Lens  being  but  i  an  Inch  fo¬ 
cal  Length,  will  not  admit  an  Aperture  of 
above  —  of  an  Inch  conveniently,  to  view 
the  Objedt  ditiindtly,  which  is  fliil  too  fmall. 
(2.)  The  Aperture  of  the  Objedt-Glafs  will 
then  be  too  Imall,  to  admit  a  requifne  Degree 
of  Light.  (3.)  This  Aperture  of  the  Objedt-- 
Lens  can't  be  enlarged,  becaufe  there  would  If 

be  I 
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be  then  too  much  Light  for  the  Power  mag¬ 
nifying,  which  would  produce  Confufednefs 
in  the  Image.  (4.)  Neither  muft  we  attempt 
to  enlarge  the  Aperture  of  the  ocular  Lens  $ 
for  then  the  Rays  would  fall  too  far  from  the 
Axis  of  the  Lens,  to  be  fent  parallel  to  the 
Eye,  and  therefore  would  prevent  dijlintt 
Vijion. 

17.  On  thefe,  and  fome  other  Accounts,  it 
is  evident,  that  if  we  would  increafe  the  Power 
of  magnifying,  we  muft  neceffarily  increafe 
the  Length  of  the  Telefcope,  by  ufing  an  Ob¬ 
ject- Lens  of  a  greater  focal  Length  3  for  it 
principally  depends  on  that,  the  focal  Length 
of  the  ocular  Lens  being  very  little  augment¬ 
ed.  As  for  Example,  if  the  Power  of  mag¬ 
nifying  in  any  Telefcope  be  known,  or  made 
a  Standard,  that  Power,  in  any  other  Tele¬ 
fcope,  may  be  augmented  to  any  Degree  you 
pleafe,  in  the  following  Method. 

18.  The  Eye-Glafs  muft  have  the  focal 
Diftance  inch  a  Number  of  Inches,  as  is  ex- 
preffed  by  the  propofed  Degree  of  magnify¬ 
ing  3  and  the  fame  Number  fquared,  and  mul¬ 
tiplied  by  the  focal  Diftance  of  the  Objed:- 
Lens  of  the  leffer  Telefcope,  will  give  the  fo¬ 
cal  Length  of  that  required* 

19.  Thus  if  the  Telefcope,  in  Art,  9,  be 
the  given  one,  or  Standard,  wfaofe  Power 
is  yi  5  and  you  would  increafe  this  Power  once 
and  an  hap]  or  make  it  ,  then  muft  the 
Eye-Glafs  of  the  enlarged  Telefcope  be  1  k 

P  4  Inches  * 
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Inches ;  the  Square  of  which  is  2  which 
multiplied  by  3,  is  6  i  Feet  for  the  focal 
Length  of  the  Objed-Glafs  in  the  Telefcope 
required.  Again,  if  it  be  required  the  Tele¬ 
fcope  ihould  magnify  twice  as  much,  then 
muft  the  focal  Length  of  the  ocular  Lens  be 
2  Inches;  the  Squares  whereof,  4  multiplied 
by  3,  gives  12  Feet  for  the  Diftance  of  the 
Focus  in  the  Qbjed-Lens.  And  thus  a  Tele¬ 
fcope  that  fhall  magnify  3  times  as  much, 
ihall  have  "an  Eye-Glafs  of  3  Inches  focal 
Length,  and  an  Objed-Glafs  of  27  Feet, 
And  univerfally  in  Telefcopes  of  this  Sort, 
'The  focal  Diflances  of  the  QbjeEl-Glaffes ,  fhould 
be  always  nearly  in  Proportion  to  the  Squares 
of  the  fecal  Dijla?ices  of  the  Eye-Glajfes . 

20.  But  (as  I  have  before  obferved)  when 
Telefcopes  of  this  Sort  are  made  of  a  great 
Length,  they  are  not  fit  for  viewing  terre- 
firial  Objeds,  but  are  appropriated  to  cele- 
ftial  Obfervations :  But  for  fuch  Purpoles  the 
Glaffes  are  not  managable  in  Tubes,  which 
are  either  too  flight  and  apt  to  bend,  or  too 
bulky,  heavy,  and  unwieldy,  if  made  ftrong 
in  Wood :  And  therefore  the  Objed-Glafs  is 
generally  fixed  on  the  Top  of  an  high  Pole, 
&c.  and  an  Eye-Glafs  fo  adjufled  thereto, 
that  their  Axis  exadly  coincide,  and  thus 
they  view  the  heavenly  Bodies  which  pafs 
along  the  Ecliptic.  This  Form  is  called  an 
Aerial  Telefcope , 


21.  For 
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21.  For  Tubes  in  Telefcopes,  as  they  an- 
fvver  the  Purpofe  of  a  Dark  Chamber  to  re¬ 
prefen  t  the  Images  of  Obje&s  in,  have  here 
no  Ufe  in  that  Refpedt:  5  for  the  Night  being 
the  Time  for  Aftronomical  Gbfervations  with 
the  Telefcope,  it  is  generally  dark  enough  of 
itfelf,  without  a  Tube,  and  the  celeftial  Ob¬ 
jects  being  very  bright,  make  very  clear,  di- 
ftindt,  and  bright  Images,  let  the  Telefcopes 
magnify  as  much  as  they  will. 

22.  Tho’  the  brighter  the  Objedt,  the  lefs 
the  Aperture  of  the  Objedt-Glafs  fhould  be ; 
thus  in  viewing  the  Sun,  or  Venus,  we  are 
obliged  to  ufe  a  fmaller  Aperture  than  for  the 
Moon,  Mars,  Jupiter,  or  Saturn,  and  their 
Satellites.  And  tho’  (as  was  {hewn  Art.  8.) 
in  this  Telefcope  with  one  Eye-Glafs,  the 
Objedt  is  inverted,  yet  this  is  not  heeded  by 
Aftronomers,  it  is  all  one  to  their  Purpofes 
which  Part  of  the  Sun,  Moon,  or  Planets, 
appears  Eaft  or  Weft,  North  or  South. 

23.  But  in  viewing  terreftrial  Bodies,  this 
Inverfion  of  the  Objedt  can’t  be  admitted ;  it 
would  be  unnatural  and  difpleafing  to  fet  the 
Earth  above,  the  Sky  beneath ;  Houfes,  Trees, 
&c.  turned  Topfy-turvy,  &c.  To  remedy 
this  Inconvenience  therefore,  there  are  added 
two  other  Eye~Glaffes,  LN  and  RS,  (See 
Plate  XXVI.  Fig.  2.)  which  eredt  the  Ob- 
jedt,  and  fo  make  all  things  appear  in  their 
natural  Pofitions. 
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24,  In  order  to  effedt  this,  the  firft  of  thefe 
two  Glaftes,  viz.  L  N,  is  placed  at  twice  it?s 
focal.  Diftance  from  the  former  Eye- Glafs 
E  Y,  (for  they  are  all  three  fuppofed  to  be  of 
the  fame  Sphere)  and  the  other  RS,  at  the 
fame  Diftance  from  it.  Now  the  Pencils  of 
Rays  being  made  to  interfedt  each  other,  by 
the  firft  Glafs  EY,  in  it's  Focus  D,  and  at 
the  fame  Time,  the  Rays  of  each  Pencil  made 
parallel;  thefe  Pencils  will  be  rendered  paral¬ 
lel  by  the  fecond  Glafs  L  N,  and  their  Rays 
made  to  converge  in  it's  Focus  F ;  where  they 
now  reprefent  the  Image  of  the  Object  eredt, 
in  the  Points  /,  F,  M:  The  Pencils  pro¬ 
ceeding  parallel  from  hence  to  the  third  Eye- 
Glafs  RS,  are  by  it  collected  together  in  it's 
Focus  P,y  where  their  Rays  again  made  pa¬ 
rallel,  render  this  eredt  Image  diftindtly  vi- 
fible.  All  which  is  evident  from  the  Scheme, 
and  the  foregoing  Theory. 

25.  Notwithftanding  it  is  ufual  to  ufe  three 
Eye-Glaffes,  as  before  explained ;  yet  two 
will  erect  the  Objedt,  and  keep  the  fame 
Magnitude  of  the  Image.  For  fuppofe  the 
middle  Lens  L  N,  taken  quite  away,  if  the 
firft  Lens  EY,  be  placed  at  D,  which  is 
double  it’s  focal  Diftance  from  the  Image 
IM;  it  will,  at  the  fame  Diftance  D  F  on  the 
other  Side,  form  a  fecondary  Image  1  M> 
equal  to  the  primary  Image  I  M,  and  alfo  in 
a  contrary  Pofition,  (by  Theor.  17.  Chap.  II. 
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of  Dioptrics)  that  is,  it  will  be  juft  the  lame 
in  Magnitude,  Fofition,  and  Place,  as  it  was 
by  two  Lenfes. 


CHAP.  XII. 

Of  Galileo’ j'  Telefcope ,  or  ProfpeSlive 

Glafs, 

i.  HIS  is  a  Telefcope  compofed  of  a 
JL  Convex  Gbjedt-Lens  AB ,  and  a  Con¬ 
cave  ocular  Lens  E  Y.  (fee  Fig.  3.)  It  is  the 
firft  Form  we  have  of  a  Telefcope,  and  was 
invented,  and  applied  to  Ufe,  by  that  celebra¬ 
ted  Italian  Philofcpher  Galileo ,  who  lived  in 
the  Beginning  of  the  laft  Century. 

2.  The  Theory  of  this  Telefcope,  is  en¬ 
tirely  the  fame  with  that  of  a  Microfcope,  with 
a  Concave  ocular  Lens,  in  Chap.  IX,  al¬ 
ready  explained.  For  this  Telefcope  repre- 
fents  Objedis  diftinB  and  eredl^  and  magnifies 
them  in  Proportion  of  the  focal  length  of  the 
ObjeB-Glafsy  to  the  focal  Length  of  the  Eye - 
Glafs ;  and  the  Eye  the  nearer  it  is  applied  to 
the  Lens  E  Y,  the  larger  Area  it  takes  in ; 
and  ftill  greater  there  in  Proportion  to  the 
Largenefs  of  the  Pupil  of  the  Eye  5  the  Reafon 
of  all  which  has  been  there  explained,  and  is 

evident 
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evident  in  comparing  the  Figure  of  this  Tele- 
fcope  and  that  Microfcope  together. 

3.  Now  though  the  vijible  Areay  or  Field 
of  Fiewy  in  this  Telefcope,  depends  on  the 
Pupil  of  the  Eye,  yet  it  is  of  much  greater 
Service  here  than  in  the  Microfcope  ;  becaufe 
in  that  the  fmall  invifible  Parts  of  near  Eodies 
were  to  be  magnified  in  a  very  large  Image, 
of  which  the  Pupil  can  take  in  but  a  fmall 
unfatisfadory  Part;  whereas  in  the  Telefcope, 
the  Parts  of  large  diftant  Bodies  are  to  be  ren¬ 
dered  diftind  in  a  fmall  Image,  in  the  Focus 
of  the  Objed-Lens,  which  Image  the  Pupil 
of  the  Eye  can  generally  take  entirely  in, 
and  thereby  view  the  whole  Objed,  or  Pic¬ 
ture  of  Objeds,  at  once,  which  is  fufficient 
Satisfaction. 

4.  I  (hall  make  this  eafy  by  an  Example. 

Fig.  4.  Let  AB  be  the  Objed-Lens  of  this  Te¬ 
lefcope,  4  Feet  focal  Length,  and  E  Y  the  ocu¬ 
lar  concave  Lens.  Let  O  B  be  an  Objed  to  be 
viewed,  whofe  Height  is  40  Feet,  and  Diftance 
AO  3  Miles,  or  15S40  Feet.  Now  fince  it 
was  fhewn  in  the  Theory,  that  the  Objed 
and  it’s  Image  are  as  their  Diftances  from  the 
Lens  AB ,  fay.  As  the  Diftance  AO  15840, 
is  to  BO  40,  fo  is  the  focal  Diftance  of  the 
Lens  AB  4,  to  of  a  Foot  for  the 

Length  of  the  Image  I M,  which  is  about  7^ 
of  an  Inch,  the  Pupil  of  the  Eye  being 
larger  than  that,  will  take  in  the  whole 
Image  I  M,  and  fo  be  able  to  view  the  whole 

Objed 
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Objedl  O  B,  at  once,  with  great  Pleafure  and 
Satisfaction. 

5.  If  the  focal  Length  of  the  Concave  be 
1  Inch,  then  will  the  Object  be  magnified  in 
the  Proportion  of  48  to  1,  that  is,  it  will  ap¬ 
pear  48  times  higher,  and  therefore  48  times 
nigher  alfo  than  to  the  naked  Eye ;  that  is,  a 
Perfon,  by  the  Help  of  the  Telefcope,  will 
be  as  well  able  to  view  the  Object  O  B  at  3 
Miles  Diftance,  as  he  would  by  the  naked 
Eye,  at  the  Diftance  of  330  Feet ;  which  is 
but  the  48th  Part  of  3  Miles. 

6.  On  this  Account  they  are  of  great  Ufe 
to  People  for  viewing  of  terreftrial  Objects  ; 
but  ftill  of  much  greater  Ufe  for  viewing  of 
the  heavenly  Bodies.  For  an  Object-Lens  of 
5  Feet  Focus,  will  bear  an  Eye-Glafs  of  but 
1  Inch  ;  and  fuch  a  Telefcope  will  magnify  the 
Diameters  of  the  Planets  60  times,  and  their 
Surfaces  3600  times,  which  is  fufficiently 
enough  to  render  the  Spots  in  the  Sun,  the 
Horns  of  Venus,  the  Satellites  of  Jupiter,  and 
Ring  of  Saturn  vifible,  if  well  managed  ;  the 
Truth  of  this  I  know  very  well  by  Experience. 

7.  Again,  the  Field  of  View  being  fo  fmall 
in  thefe  Tubes,  is  not  fo  much  to  be  infilled 
on  here,  where  the  Images  of  the  Planets  are 
vaftly  lefs  than  the  vifible  Area ,  except  of  the 
Sun  and  Moon  ;  Jupiter,  and  all  his  Satellites^ 
are  many  Times  to  be  feen  at  one  View,  in 
thefe  Telefcopes;  though  it  muft  be  acknow¬ 
ledged,  that  there  is  feme  Difficulty  in  find- 

in§ 
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ing  Objects  thus  with  Telefcopes,  more  than 
in  the  other  Sort  to  Perfons  not  ufed  to  them. 

8.  The  principal  things  which  recommend 
this  Telefcope,  are,  (1.)  That  it  is  cheaper 
than  the  other,  having  but  one  Eye-Glafs  in- 
ftead  of  three.  (2.)  It  is  {horter  than  the 
other  with  Convexes,  by  8  or  12,  or  16  Inches, 
fometimes,  though  the  Power  of  magnifying 
be  the  fapae  in  both.  (3.)  The  Vifion  is  more 
diftindt  and  perfedt,  the  Rays  being  not  fo 
much  loft  and  refradted  thro’  one  very  thin 
Lens,  as  through  three  very  thick  ones.  In 
fhort,  were  People  aware  of  the  Ufefulnefs  of 
this  Telefcope  for  Aftronomical  Purpofes,  they 
would  be  much  more  frequent  than  they  are. 


C  I  I  A  P. 
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CHAP.  XIII. 


Of  the  manifold  Ufes  of  a  Dioptric 
Telefcopey  viz.  in  fhewing  the  Spots 
of  the  Sun ,  Eclipfes y  &c.  in  a  dark 
Chamber ;  in  Surveying  and  Level¬ 
ing  ;  in  Meafuring  the  Difiances  of 
ObjeEls  at  one  Station  ;  and  divers 
Aftronomical  Purpofes. 


HE  Ufes  of  the  Dioptric  Telefcope 
are  many,  and  of  vaft  Importance  to 
the  Sciences  and  civil  Ufes  of  Life,  fome  of 
the  principal  of  which  I  fhall  concifely  point 
out  and  defer  ibe  in  this  Chapter. 

2»  And,  firft,  to  view  the  Spots  in  the  Sun 
through  this  : Telefcope .  Fit  the  Telefcope  to  a 
Focus  for  viewing  the  celeftial  Bodies,  and 
then  take  a  circular  Piece  of  plain  and  clear 
Glafs,  and  hold  it  a  little  above  the  Point  of 
the  fleady  Flame  of  a  Candle,  till  it  be  uni¬ 
formly  blackened  over  with  the  Smoke  ;  then 
applying  this  fmoked  Glafs  before  the  Eye- 
Glafs  next  the  Eye,  and  you  will  be  able  to 
view  the  fplendid  Face  of  the  Sun  without 
Offence  to  the  Eyes,  and  with  Pleafure  fee 

the 
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the  various  Spots,  &c.  difperfed  here  and  there 
upon  it. 

3.  But  the  beft  Way  of  viewing  the  Spots 
in  the  Sun,  is  by  fixing  the  End  of  a  Tele- 
fcope  of  about  4  or  5  Feet  long,  into  a  Sciop- 
tric  Ball,  fixed  to  the  Hole  PQjof  a  Win¬ 
dow-Shut  HK,  in  a  darkened  Chamber.  (See 
Fig.  5.)  In  this  Cafe  oneEye-Glafs  E  Y  is  fuf- 
ficient,  whofe  Focus  let  be  F,  and  let  I M  be 
the  Image  of  the  Sun,  formed  in  the  Tube 
by  the  Objedt-Glafs  A  B ,  in  the  moveable 
Ball.  Now  it  has  been  fhewn,  that  in  view¬ 
ing  Obje&s  with  the  Eye  through  the  Tubes, 
the  Image  I M  mu  ft  always  be  exadtly  in  the 
Focus  F  of  the  Eye-Glafs,  to  produce  di- 
ftinct  Villon. 

4.  For  then  the  Rays  EO,  Y  O,  proceed¬ 
ing  from  any  Point  O  in  the  Image,  would 
have  palTed  parallel  after  Refraction  through 
the  Eye-Glafs  E  Y.  But  now,  for  this  Pur- 
pofe,  the  Eye-Glafs  is  to  be  drawn  a  little  far¬ 
ther  from  the  Image  than  is  ifs  focal  Di¬ 
ftance,  and  then  a  Pencil  of  Rays  E'O  Y,  pro¬ 
ceeding  from  the  Point  O,  will  be  made  by 
the  Eye-Glafs  to  converge  to  a  Focus  R,  ac¬ 
cording  to  Theor.  16,  of  Chap.  I,  of  Diop¬ 
trics .  In  this  Focus  R  therefore,  the  Image 
IOM  will  be  formed  anew,  and  in  an  ereft 
P option,  in  the  Image  I R  M- 

5.  The  Diameter  I M  of  this  fecondary 
Image,  is  to  the  Diameter  of  the  former  I  M, 
as  the  Diftance  G  R,  to  the  Diftance  G  O,  by 

the 
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the  Theory.  Thus  if  G  O  be  1  x  of  an  Inch, 
G  R  will  be  5  Inches,  and  fo  the  Diameter  of 
the  Image  I  My  to  the  Diameter  I  M,  as  5 
to  1  i.  If  the  Focus  GF  be  1  Inch,  and 
it’s  Diftance  from  the  Image  F  O  be  ~  of  an 
1  Inch  5  then  will  GR  be  11  Inches,  viz.  10 
r  times  as  large  as  GO,  and  therefore  I M  will 
I  be  10  times  as  large  as  I M,  and  confequently 
1  the  Surface  of  the  fecondary  Image  will  be 
100  times  as  large  as  that  in  the  Tube  IM. 
i  And  therefore  a  Sheet  of  Paper  held  in  that 
(  Focus  R,  will  receive  the  vaft  Image  I M  of 
1  the  Sun's  Face,  and  the  Spots  therein  will  be 
i  very  large  and  diftindt.  I  have  fometimes  ex- 
I  hibited  the  larger  Spots  this  Way,  near  an 
1  Inch  in  Diameter.  The  Moon  may  likewife 
j  be  ftiewn  this  Way  j  but  her  Light  is  too 
faint  to  make  the  dark  Parts  appear  well.  But 
|  an  Eclipfe  of  the  Sun  is  this  Way,  the  belt  of 
j  any,  fhewn  to  an  Advantage.  This  is  a  moft 
.1  agreeable  Sight. 

5.  Suppofe  then  E  L  C  and  Y  M  C,  two 
I  Rays  proceeding  from  the  extreme  Limbs  of 
I  the  Sun’s  Dilk,  and  paffing  through  the  Cen- 
3  ter  C  of  the  Objedt-Lens;  they  will  define 
i  the  Extremities  of  the  Image  I M,  and  falling 
if  on  the  Glafs  EY,  will  be  converged  to  the 
1  Point  D,  where  crofling  each  other,  they  pro- 
•  ceed  to  limit  the  Extremities  of  the  Image 
I M.  Now  /Dili  is  the  Angle  under  which 
I  this  Image  is  feen  at  the  Diftance  DR,  by  the 
j  Eyea  and  is  equal  to  the  Angle  E  D  Y :  But 

Qw  the 
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the  Angle  ED  Y  is  a  little  larger  than  it  would 
be,  if  the  linage  IM  were  in  the  Focus  F : 
(becaufe  GC  is  then  fomewhat  fhorter,  and 
confequently  GD  fomewhat  longer)  There¬ 
fore  the  Image  I M,  at  the  Didance  DR,  is 
feen  fomewhat  larger  than  the  Sun  appears  in 
the  Telefcope  adapted  for  didindt  Vifion. 

6.  In  Surveying ,  the  Ufe  of  the  Telefcope 
is  admirable;  the  Eufinefs  here  is  to  take  the: 
angmar  Didances  between  diftant  Objedts  on 
a  Plane  truly  horizontal ;  or  elfe  the  angular 
Elevation,  or  Depreffion  of  Objedfs,  above  or 
below  the  Plane  of  the  Horizon ;  in  order  toa 
obtain  either  of  thele  Sorts  of  Angles  to  a  re— 
quiiite  Degree  of  Exadtnefs,  it  is  neceflary  thej 
Surveyor  flhould  have  as  clear  and  didindt  aJ 
View,  as  poffible,  of  the  Objedts,  or  Station q 
Staves ,  which  he  fixes  up  for  his  Purpofe,  that] 
he  may  more  certainly  determine  the  Point  or 
Part  of  the  Qbjedt  viewed,  which  exadtly  cor-| 
refponds  to  the  Line  or  Edge  of  the  movable 
Arm  (or  Alidade)  on  the  Theodolite,  which! 
cuts  off  the  Degrees  and  Minutes  contained! 
in  the  required  Angle. 

7.  Now  as  thefe  Objedts  are  generally  at 
too  great  a  Didance,  for  the  Surveyor  to  be: 
able  to  difcern  lo  well  with  the  naked  Eye, 
he  takes  the  Abidance  of  the  Telefcope,  and 
thus  obtains  his  Ends  compleatly  on  two  Ac¬ 
counts,  viz .  (1.)  His  having  a  more  perfedHt 
Sight  of  the  Objedt,  by  the  magnifying  Power 
of  the  Glafs ;  and,  (2.)  His  being  able  to 

determine 
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determine  the  afore faid  Point  in  the  Objed: 
by  means  of  the  Crofs-Hairs  in  the  Focus  of 
the  Telefcope. 

8.  That  he  is  affifted  greatly,  in  the  Sight 
of  his  Objeds,  by  means  of  the  Telefcope,  is 
evident  ;  for  fuppofe  the  Telefcope  were  but 
13  Inches  long,  it  will  admit  of  an  Objed- 
Lens  of  12  Inches,  and  an  ocular  Lens  of 
1  Inch,  and  will  therefore  magnify  the  Dia¬ 
meter  of  Objeds  12  times;  that  is,  it  will 
make  the  Objeds  appear  12  times  nearer  to 
the  Surveyor  than  they  are,  and  confequently 
he  can  view  them  12  times  more  diftindly 
than  by  the Eye. 

9.  Again,  in  the  fecond  Place,  by  means 
of  the  Crofs-Hairs  in  the  Focus  of  the  Tele¬ 
fcope,  he  is  able  to  determine  exadtly  that 
Point  or  Line  in  the  Objed,  which  is  in  the 
Plane  that  paffes  through  the  Center  of  the 
Theodolite,  and  the  Degree  and  Minute  in 
the  Limb  of  the  Circle,  which  is  the  Quan¬ 
tity  of  the  Angle  required.  For  thefc  Crofs- 
Hairs,  or  Wire,  being  fo  placed  in  the  Fo¬ 
cus,  as  that  one  of  them  is  parallel  to  the  Ho¬ 
rizon,  and  the  other  perpendicular  thereto, 5 
and  their  Point  of  Interfedion  being  exadly 
in  the  Axis  of  the  Tube;  it  follows,  that  the 
Point  in  the  Objed,  which  anfwers  the  Point 
of  the  Interfeddon  of  the  Wires,  or  the  Line 
in  the  Objed,  which  is  covered  by  the  verti-. 
cal  Wire  in  the  Tube,  is  the  Point  or  Line^ 
required ;  and  which  alone  can  give  the  Angle 

Q jz  with 
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with  Certainty,  and  this  is  the  very  Grounds; 
and  Foundation  of  ail  Surveying  and  Levelling . 

10.  There  is  another  Ufe  to  be  made  of  the. 
Dioptric  Telefcope,  very  lingular  in  it’s  Na¬ 
ture  ;  and  that  is,  to  meafure  the  Diftance  oft 
aji  ObjeB  at  one  Station.  This  is  the  great: 
Defideratum  of  Geometry,  which  furnilhes* 
Methods  enough  to  do  it  at  two  or  more  Sta¬ 
tions*  but  none  at  one.  Yet  this,  in  Theory, , 
is  perfected  by  the  Telefcope,  and  in  a  good: 
Degree  to  be  afcertained  in  Pradtice. 

11.  The  Theorem  for  this  Purpofe  is  ob¬ 
tained  from  Theor.  16,  Chap.  I,  of  Dioptricsri 


viz. 


For  hence  we  have  dr  = 


dy  — y  r,  and  then  dy  —  dr  —y  r,  whence : 
we  have  this*  Analogy,  y  —  :  r  :  :  y  :  d ;  that: 
is,  in  Words,  As  the  Difference  between  the > 
focal  Diftance  of  the  Objedl ,  and  Radius  of 
the  Objedl-Lens  is  to  the  faid  Radius ;  fo  is  the u 
focal  Diftance  of  the  ObjeA,  to  id s  true  Di¬ 
ftance  from  the  Objedl-Lens.  But  the  three: 
firft  Terms  of  this  Analogy  are  known,  or 
may  be  known  very  eaiily  ;  and  therefore  the: 
fourth  Term  or  Diftance  of  the  Objedt  is; 
given. 

12.  For  the  Radius  of  the  Objedt-Glafs  is 
known  by  holding  it  in  the  Sun,  and  meafur— 
ing  the  Diftance  of  the  Sun’s  Image  there¬ 
from,  when  brighteft  and  mod  diftindt,  for 
that  will  be  the  Radius  of  the  Lens,  as  wash 

Ihewnu 
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{hewn  in  the  Theory.  Then  for  the  focal 
Diftance  of  the  Objedt  in  the  Tube,  you  are 
firft  to  get  a  pretty  good  Sight  of  the  Objedt, 
and  then  Aide  in  the  Drawer  till  the  Objedt 
begins  to  appear  obfcure,  and  mark  that  Place 
on  the  Tube  precilely;  again,  draw  out  the 
Tube  till  the  Objedl  begins  again  to  be  ob- 
fcured,  and  then  make  another  mark  on  the 
Tube  at  the  End  of  the  Drawer,  as  before. 
Laftly,  take  the  middle  Point  between  thefe 
two  Marks,  and  that  will  be  the  Point  where 
the  Image  of  the  Objedt  will  be  formed  moil: 
diftindt,  which  you  are  to  meafure  nicely 
from  the  Objedt-Lens,  and  you  have  the  Data 
required.  An  Example  will  render  this  Mat¬ 
ter  eafy. 

13.  Let  AB  be  the  Objedt-Lens,  EY  the 
ocular  Lens,  EC  the  Radius  of  the  Lens  AB% 
and  C F  the  focal  Diftance  of  the  Objedt  OB, 
whofe  Diftance  QC,  from  the  Glafs  AB,  is 
to  be  meafured.  (See  Fig.  1.  Plate  XXVII.) 
Now  fuppofe  CF  =  48  Inches,  or  4  Feet; 
and  you  find,  by  the  Method  above,  that  CF 
is  50  Inches ;  then  F  F  is  2  Inches,  and  the 
Analogy  is,  As  FF  —  2,  is  to  CF  =  48  ; 
fo  is  CF  —  50,  to  CQL5=  1200  Inches,  or 
100  Feet ;  and  fo  far  is  the  Objedt  OB,  from 
the  Lens  A  B.  Again,  fuppofe  you  find 
Ci7  =  49  Inches,  then  will  FF=  1  Inch; 
and  the  Analogy  is  1  :  48  : :  49 : 2352  =  QC, 
or  196  Feet.  If  CF  be  found  48  \  Inches; 
then  i  :  48  :  :  48  i  :  9264  =  QC,  or  772 

Q_3  Feet. 
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Feet.  So  that  this  Telefcope  will  meafure 
only  final!  Diftances. 

24.  But  fuppofe  A  B  a  Lens,  whole  Ra¬ 
dius,  or  folar  Focus  CF  =  12  Feet,  or  144 
Inches;  and  you  find  by  the  above  Method, 
(in  Art.  12.)  that  CF  is  146  Inches ;  then  will 
F  F  =  2  Inches ;  and  then  by  the  i\naiogy, 
As  2  :  144  :  :  146  :  21024  Feet  =  QjC,  or 
1752  Feet,  the  Diftance  of  the  Gbjedt.  If 
with  this  large  Telefcope  you  look  at  an  Ob- 
jedt  OB,  juft  1 00  Feet  diftant  from  the  Lens 
A  Bj  it  will  give  CF  =  163  ^  Inches,  and 
therefore  F  F  will  be  19  h  Inches.  On  the 
contrary,  fuppofe  in  viewing  an  Qbjedt  OB, 
you  find  F  F  but  ~  of  an  Inch,  this  will  give 
the  Diftance  of  the  Objedt  C  Q^—  17292 
Feet,  or  3  f  Miles  nearly. 

2  5.  Since  then  the  Difference  F  F,  between 
the  Radius  and  focal  Diftance  of  the  Objedt, 
is  fo  confiderable  as  2  Inches  in  a  Tube  of 
4  Feet,  and  18  in  one  of  12  Feet;  it  is  eafy 
to  contrive  Methods  for  fhewing  the  Diftance 
of  nigh  Objedts  by  the  former,  and  of  very 
diftant  ones  by  the  latter,  by  Infpedtion  only. 
For  it  is  but  well  adjufting  or  drawing  a  fpiral 
Line  round  the  Drawer,  or  Tube,  thro’  the 
two  Inch  Space  in  the  fmall  Telefcope,  and 
by  Calculation  graduate  it  for  every  100  Feet, 
and  the  intermediate  Inches,  and  you  will  no 
fooner  view  an  Objedt,  but  at  the  fame  Time 
fee  it’s  Diftance  upon  the  Tube. 


16.  But 
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16.  But  in  regard  of  the  larger  Objedt- 
Lens,  it  might  be  a  better  Way  to  fix  it  in  a 
Scioptric  Ball,  in  a  darkened  Chamber ;  and 
at  the  focal  Diftance  of  12  Feet,  on  a  Table 
or  Stand  MN,  fix  up  an  Jnfirument  confid¬ 
ing  of  two  Planes  A  B  C  D,  E  H  K  L,  and  a 
Screw  O  F,  which  is  fixed  into  the  Plane 
AC,  and  moves  the  Plane  EK  over  the  Space 
F  G,  which  here  reprefents  the  Difference  be¬ 
tween  the  Radius  and  focal  Diftance  of  the 
Objedt,  viz.  18  Inches.  If  now  on  the 
Plane  AC,  be  defcribed  Concentric  Circles,  or 
(which  would  be  better)  a  Spiral  from  the 
Center  to  the  Circumference,  and  graduated 
by  a  Calculation  made  for  every  100  Feet, 
beginning  from  the  Center  O,  for  the  Mea- 
fures  next  to  G,  and  proceeding  towards  the 
Circumference  for  the  Parts  towards  F,  which, 
becaufe  they  will  run  very  near  together,  will 
have  the  larger  Space  to  be  defined  in. 

17.  Thefe  Things  being  done,  it  will  be 
eafy  by  the  Screw  to  move  the  Plane  E  K 
backwards  and  forwards,  on  the  Space  G  F, 
'till  the  Image  F  appears  moft  plain  and  di- 
ftindt,  and  then  the  Index  O  P  (fixed  to  the 
Screw)  will  fhew  the  Diftance  of  the  Objedt 
on  the  graduated  Spiral.  The  larger  the  Plane 
A  C  is,  the  more  exadtly  will  the  Diftance  of 
remote  Qbjedts  be  fhewn  thereon  ;  if  it  be  a 
Foot  fquare,  it  may  do  pretty  well,  but  not 
lefs.  Note,  the  beft  Way  to  get  the  true  Place 
of  the  Plane  EK,  will  be  that  in  Art.  12, 

CL  4  Having 
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Having  juft  hinted  thefe  things,  I  fhall  leave 
it  to  the  Invention  of  the  Artift  to  vary  Cir- 
cumftances. 

18.  In  the  Bufinefs  of  AJlronomy ,  fcarce 
any  thing  is  done  but  by  the  Aid  of  the  Tele- 
fcope ;  for  which  Purpofes  it  is  applied  in  va¬ 
rious  Shapes,  and  compounded  with  fuch  a 
Number  of  Inftruments,  that  to  give  an  Ac¬ 
count  of  them  all,  would  fill  a  Volume;  I 
fhall  therefore  content  myfelf  with  giving  of 
one  Inftrument,  which  is  of  a  general  Na¬ 
ture,  and  by  which  the  Conftrudion  of  others 
will  be  eafily  underftood.  See  Fig.  3. 

19.  This  Inftrument  confifts  of  a  Telefcope 
A  B,  whofe  Objed-Glafs  is  B,  and  Eye-Glafs 
A,  in  whofe  Focus  is  a  Ring  of  Crofs-Hairs 
C ;  this  Tube  is  fixed  to  the  Side  of  a  Qua¬ 
drant  EFG,  fo  that  the  Axis  of  the  Tube, 
and  Side  of  the  Quadrant  E  F,  are  exadly  as 
poffible  at  Right  Angles,  or  perpendicular  to 
each  other.  The  Quadrant  is  fufpended  by, 
and  movable  about  a  Center-Pin  D,  paffing 
thro’  it’s  Center,  and  fixed  into  the  fquare  Pi- 
lafter  D  H,  which  fupports  it  very  fteadily. 
On  this  Pilafter  at  O,  is  fixed  a  fmall  Plate 
N  O,  called  a  Nonius ,  from  the  Name  of  the 
Inventor;  whofe  Ufe  I  fhall  next  fhew. 

20.  Fig.  4.  Let  A  B  be  a  Portion  of  the 
graduated  Limb  of  the  Quadrant,  and  E  D 
the  Nonius  Plate  by  it ;  whofe  Index  is  D  C. 
The  Artifice  of  this  Contrivance  confifts  in 
this ;  the  whole  Length  of  the  Nonius  is 

divided 
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divided  into  12  equal  Parts,  which  are  made 
equal  to  13  of  the  equal  Divifions  on  the 
Limb  of  the  Quadrant  A  B  ;  and  therefore  as 
12  :  13  : :  1  :  1  ~  ;  that  is,  one  of  the  equal 
Parts  of  the  Nonius  exceeds  one  of  equal  Parts 
{viz.  a  Degree)  on  the  Limb,  by  a  12th  Part 
of  the  latter,  that  is,  by  5  Minutes. 

21.  Suppofe  now  you  have  taken  a  Sight 
of  an  Object,  and  then  obferve  the  Index  DC 
of  the  Nonius,  at  fome  Point  between  the 
17th  and  18th  Degree,  as  in  the  Figure;  the 
Nonius  will  tell  you  the  Minutes  above  17  De¬ 
grees  thus :  Look  to  fee  where  any  Divifion 
of  the  Nonius  ftands  exaftly  againft  a  Divi- 
fion  on  the  Limb,  and  you  will  perceive  in 
the  prefent  Cafe,  that  it  is  at  the  6th  Divifion 
of  the  Nonius ;  then,  fince  1  Divifion  gives 
5  Minutes,  (Art.  20.)  6  Divifions  will  give 
30  Minutes,  which  fhews  that  the  Index 
points  to  170  :  30"  on  the  Limb.  And  hence 
you  fee  the  Reafon  alfo,  why  they  are  num¬ 
bered  from  the  Right-Hand  to  the  Left  in 
the  Nonius. 

22.  If  the  Quadrant  were  fufficiently  large, 
not  only  the  Minutes  of  a  Degree,  but  the 
Seconds  of  a  Minute  might  be  fhewn  by  this 
excellent  Contrivance ;  as  in  that  called  the 
Mural  Arch ,  in  the  Royal  Obfervatory  at 
Greenwich ,  which  is  an  Iron  Quadrant  with 
a  Brafs  Limb,  mod  exa&ly  graduated,  and 
fixed  into  the  Side  of  a  Free-Stone- Wall, 
which  is  in  the  Plane  of  the  Meridian  ;  the 

Length 
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Length  of  the  Radius  is  8  Feet.  On  the 
Center,  and  by  the  Limb  of  this  Quadrant, 
moves  a  large  Telefcope,  which  carries  a  No¬ 
nius  upon  the  Edge  of  the  Limb>  which 
fhews  the  Angles  in  Degrees,  Minutes,  and 
Seconds. 

23.  By  the  Telefcope  applied  in  fuch  a 
Manner,  divers  Aftronomical  Problems  and 
Pofitions  are  determined  and  defined  to  a 
great  Degree  of  Nicety  and  Exadtnefs.  Thus 
fuppofe  you  would  know  the  Altitude  of  a 
Star,  at  any  Inftance,  dired  the  Telefcope  to 
it,  and  bring  the  Star  on  the  Interfedion  of 
the  Crofs-Hairs,  and  the  Nonius  will  fhew  the 
Degrees  and  Minutes  of  it’s  Altitude  :  Thus 
the  Altitude  of  the  Sun  is  to  be  found  for 
many  Purpofes,  as  of  Dialings  &c.  And  thus 
the  Altitude  of  the  North  Star ,  and  confe- 
quently  the  Latitude  of  the  Place  will  be  very 
truly  known. 

24.  Again,  the  Axis  of  the  Telefcope  be¬ 
ing  in  the  Plane  of  the  Meridian,  and  the 
vertical  Hair  5  you  may  obferve  the  Difference 
of  Time,  in  which  any  of  the  heavenly  Bo¬ 
dies  pafs  over  the  Hair  or  Meridian,  and 
turning  into  Degrees  you  will  thereby  have 
the  Difference  of  the  Right  Afcenfion  of  thofe 
Bodies.  Note,  15  Degrees  of  the  Equator, 
anfwers  to  one  Hour  of  Time,  and  15  Mi¬ 
nutes  of  a  Degree  to  1  Minute  of  Time  5  and 
therefore  1  Degree  to  every  4  Minutes  of 
Time. 

*  25.  But 
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25.  By  this  Means  alfo,  the  Quantity  of  a 
Siderial  Day  is  to  be  determined  ;  for  fixing 
the  Telefcope  precifely  in  the  Plane  of  the 
Meridian,  diredt  it  to  any  fixed  Star,  fo  that  it 
may  come  upon  the  Interiedtion  of  the  Crofs- 
Hairs,  and  thus  let  it  remain  till  the  next 
Night/  and  then  again  obferve  when  the  Star 
comes  to  the  vertical  Hair ;  the  Time  be¬ 
tween  thefe  two  Moments  is  the  Length  of 
the  Siderial  Day ;  and  is  eafy  to  be  meafured 
by  a  good  Pendulum  Clock. 

26.  When  the  vertical  Hair  in  the  Tele¬ 
fcope  is  nicely  in  the  Plane  of  the  Meridian, 
it  is  eafy  then  to  find  the  apparent  ‘Time ,  and 
from  thence  the  true  Time.  For  by  a  good 
Pendulum  Clock  obferve  the  Moments  of 
Time,  when  the  vertical  Hair  touches  the  two 
extreme  Edges  of  the  Sun's  Difk.  The  middle 
Moment  between  thefe,  is  the  apparent  Time 
of  Noon,  and  if  the  Hand  be  then  at  XII,  the 
Clock  is  true  for  the  apparent  Time ;  if  not, 
it's  Diftance  from  it,  on  this  Side  or  that,  fhew 
how  much  the  Clock  is  too  flow  or  too  fafts 
and  having  the  apparent  Time ,  the  true  Time  is 
found  by  a  common  Equation  Table. 

27.  There  are  great  Numbers  of  other  Ufes 
to  be  made  of  a  Teldcope  thus  mounted,  fur- 
niflied,  and  adjufted  to  a  larger  Quadrant, 
efpecially  when  a  Micrometer  is  fitted  in  it, 
which  the  Reader  may  fee  in  Treatifes  of 
Aftronomy,  &c .  but  cannot  expedt  in  this 
Compendium. 


CHAP, 


[  25 2  ] 


CHAP.  XIV. 


Of  the  Colours  of  the  Suns  Light ; 
of  the  different  Refrangihility  and 
Reflexibility  thereof ;  and  the  Im - 
perfection  of  Dioptric  Telefcopes  a- 
rifling  from  thence . 


i.IN  the  Theory  we  confidered  a  Pencil 

J  of  the  Sun's  Rays  refleded  from  Mir- 
rours,  or  refraded  thro'  Lenfes  to  one  Jingle 
Point  in  the  Axis  thereof ;  but  that,  ftridly 
fpeaking,  is  not  the  Cafe  in  Nature ;  though 
nothing  to  the  contrary  was  underftood  or 
taught  in  Optics,  till  Sir  Ifaac  Newtons  Time. 
That  great  Man  was  the  firft,  who  difcovered 
that  a  Beam  of  the  Sun's  Light,  when  re- 
fieded  or  refraded  fo  as  to  be  made  converg¬ 
ing,  did  yet  not  converge  or  tend  all  of  them 
to  one  foie  Point  or  Part  of  the  Axis ;  but 
were  fo  fevered,  and  differently  inclined  by 
the  Medium,  that  fome  Rays  tended  towards 
one  Point,  and  fome  towards  another. 

2.  He  not  only  difcovered,  that  the  Sun's 
Light  was  differently  refrangible  and  reflexibley 
but  alfo  at  the  fame  Time,  that  it  was  within 
certain  Limitations,  and  in  a  certain  Order 


and 
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and  Proportion  -y  and  that  Rays  of  each  feve- 
ral  Degree  of  Refrangibility,  were  of  a  diffe¬ 
rent  Colour  from  each  other  when  feparated  ; 
and  accordingly  that  Bodies  were  tinged  with 
Colours  thereby. 

3.  So  much  of  this  new  Dodrine,  as  is  ' 
neceffary  to  be  known  in  Optics,  or  the  Con- 
ftrudion  of  Inftrurftents,  I  fhall  here  relate 
from  his  excellent  Book  on  that  Subjed ;  and 
give  the  Experiments  by  which  he  made  thefe 
Difcoveries.  The  fir  ft  whereof  is  as  follows. 
Let  ABC  reprefent  the  tranfverfe  Sedion  of 
a  Prifm,  G  F  a  Beam  or  Cylinder  of  the 
Sun's  Light  coming  thro'  the  Hole  H,  in  the 
Window-Shut  of  a  darkened  Chamber,  and 
falling  on  the  faid  Prifm.  (Fig.  1.  Plate 
XXVIII.) 

4.  Now  this  Beam  GF,  will  be  refraded 
out  of  it’s  natural  Courfe  E  T,  in  paffing  thro1 
the  Prifm,  into  fome  other  D  nor  will  it 
now  appear  in  a  round  cylindric  Form  DQSE, 
as  it  would  were  it  in  every  Part  equally  re¬ 
frangible  5  but  in  a  broad,  dilated,  diverging 
Form  D  X  Y  E.  The  Beam  thus  new  mo¬ 
dified,  being  received  on  a  Sheet  of  Paper 
L  M,  at  a  proper  Diftance,  will  not  now,  as 
before,  be  white,  but  will  paint  a  various  co¬ 
loured  Spe&rum  or  Image  X  Y,  of  an  oblong 
Form.  If  the  refrading  Angle  of  the  Prifm 
ACB,  be  64  Degrees,  and  the  Diftance  of 
the  Paper  from  the  Prifm  about  18  Feet* 
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the  Length  of  the  Image  X  Y  will  be  about 
10  Inches,  and  the  Breadth  2  Inches. 

5.  Now  it  is  evident,  that  fince  fome  Part 
of  the  Beam  D  X,  is  refracted  much  farther 
out  of  it’s  natural  Courfe  E  T,  than  fome 
other  Part  of  the  Beam,  as  EY,  the  Rays  to¬ 
wards  D  X  have  a  much  greater  Difpofition 
to  be  refradted,  than  thofe  towards  E  Y  and 
that  this  Difpofition  does  arife  from  the  natu¬ 
rally  different  Qualities  of  thofe  Rays  is  ma- 
nifeft,  fince  the  refradting  Angle,  or  Power  of 
the  Prifm,  is  the  fame  in  Regard  of  the  fupe- 
rior  Part  of  the  Beam,  as  the  inferior.  Thus 
the  Inequality  of  Refractions,  or  the  different 
Refrangibility  of  the  Rays  of  Light,  in  equal 
Incidences,  is  plainly  proved  by  this  Expe¬ 
riment 

6.  The  Rays  of  Light  are  varioufly  colour¬ 
ed,  as  they  differ  in  Refrangibility ;  thus  the 
mofl:  refrangible  Rays  D  V,  are  Violet ;  the 
lead  refrangible  ER,  are  Red ;  the  Order  of 
Colours,  thro’  the  whole  Image,  being  as  fol¬ 
lows,  Violet ,  Indigo ,  Blue ,  Green ,  Yellow ,  O- 
range ,  Red,  as  reprefented  in  the  Figure,  This 
is  the  Reafon  why  Rays,  falling  near  .the 
Edges  of  a  Lens,  are  differently  refradted,  and 
confequentiy  paint  or  tinge  the  Objedt  with 
Colours ;  which  makes  it  neceffary  to  exclude 
fuch  Rays  as  much  as  pofiible. 

7.  For  that  a  Lens,  as  AB,  Fig.  2,  has 
the  fame  Property  as  the  Prifm  acby  in  re¬ 
fracting  Rays,  is  evident  from  this  Experi¬ 
ment, 
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ment,  viz,  Let  O  be  an  Gbjed  of  a  Violet 
Colour,  the  Ray  D  A  proceeding  thence  to 
the  Lens,  and  falling  on  the  Surface  A  a  B, 
at  A,  will  be  refraded  from  the  perpendicular 
v  C  D,  to  the  Point  E ;  but  were  the  Gbjed:  O 
red,  it’s  Focus  would  be  found  at  F,  much 
farther  from  the  Lens  than  E ;  and  therefore 
the  red  Ray  A  F,  will  not  be  fo  much  refrac¬ 
ted  from  the  perpendicular  by  the  Lens,  as 
the  Violet  coloured  Ray  AE. 

8.  Rut  the  beft  Experiment  of  this  Sort,  is 
to  take  a  Slip  of  Paflboard,  Card,  &c.  as 
ABEF,  (Fig.  3.)  and  paint  one  half  A  BCD 
Red,  the  other  half  CF  Violet  or  Indigo, 
and  tying  black  Threads  a-crofs  it,  fet  it  near 
the  Flame  of  the  Candle  G  ;  then  take  a  Lens 
H  I,  and  holding  a  Sheet  of  white  Paper  be¬ 
hind  it,  move  it  backwards  and  forward  upon 
the  Edge  of  a  graduated  Ruler,  till  you  fee 
the  black  Threads  moft  diftindly  in  the 
Image;  and  you  will  find  the  Focus  of  the 
Violet  Part  fc>  much  nearer  than  that  of  the 
Red  ac>  which  plainly  (hews,  that  Bodies  of 
different  Colours  can  never  be  fhewn  without 
fome  Degree  of  Confufion,  by  Refradion 
thro’  Lenfes. 

,  9.  The  fame  Author  alfo  found  that  the 

Rays  of  the  Sun’s  Light  were  differently  re- 
;  flexible ,  or  that  fome  Rays  of  a  Bearn  of 
Light  were  refleded  farther  from  the  perpen- 
\  \  dicular  to  the  refieding  Surface  than  others ; 
jj  and  alfo  that  thofe  Rays,  which  are  mofk 
I  -  refrangible. 
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refrangible,  are  alfo  moft  reflexible.  All  which 
he  confirmed  by  the  following  Experiment. 

10.  In  Plate  XXIX.  Fig.  i.  F  M  is  a 
Beam  of  Light  propagated  into  the  dark 
Chamber,  through  the  Hole  F,  of  the  Win¬ 
dow-Shut  EG.  ABC  and  BCD  are  two 
Prifms  tied  together  in  the  Form  of  a  Paral- 
lelopepid,  their  Sides  B  C  and  C  B  being  con¬ 
tiguous,  and  A  C  and  B  D  parallel.  H  I  K 
is  a  third  Prifm  by  which  the  faid  Beam  is 
refradled  at  O,  to  the  white  Paper  at  V  G ; 
for  fince  the  two  Prifms  A C  B  and  BCD, 
are  placed  in  fuch  a  Manner,  it  is  eafy  to  con¬ 
ceive,  that  the  Effedts  of  the  firft  Prifm  are 
reverfed  or  deftroyed  by  the  fecond,  and  fo 
the  Beam  will  pafs  through  both  to  the  third 
Prifm,  without  any  Alteration  in  the  Nature 
of  it's  Light. 

11.  The  Beam  therefore  is  refradled  at  O, 
Into  the  different  coloured  Rays  O  V,  O  I, 
OB,  O  G,  &c.  Now  upon  turning  the  Pa- 
rallelopepid  A  C  D  B  about  it’s  Axis,  in  the 
Order  of  the  Letters  A,  C,  D,  B,  when  the 
contiguous  Planes  B  C  and  C  B  become  fuffi- 
ciently  oblique  to  the  incident  Beam  F  M,  the 
faid  Beam  will  begin  to  be  refledted  at  the 
Point  M ;  and  there  will  vanifh  totally  out  of 
the  refradled  Light  V  G,  firft  of  all  the  moft 
refradled  Rays  OV,  or  Violet,  (the  other  re¬ 
maining  as  before)  then  the  Rays  I  O,  BO, 
GO,  &c.  fucceffively  to  the  leaft  refradled 
or  red.  Hence  it  is  very  manifeft,  that  the 

Plane 
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Plane  BC,  did  firft  of  all  refieCt  the  mod  re¬ 
frangible  Rays,  and  the  reft  in  Order  to  the 
leaft  refrangible  ones,  which  were  reflected 
laft. 

12.  This  he  farther  illaftrated  by  adding  a 
fourth  Prifm  XYZ,  to  receive  the  reflected 
Beam  M  N,  and  to  refraCt  it  upon  the  Paper 
at  vg.  For  then  the  Light  NO,  which  in 
the  fourth  Prifm  is  more  refracted,  will  be¬ 
come  fuller  and  ftronger  when  the  Light  O  V 
vanifhes  at  V ;  and  fo  as  all  the  reft  vanishes 
at  I,  B,  G,  &c.  the  coloured  Light  at  i,  b9 
gy  &c.  becomes  increafed  fiicceffively,  that 
is,  the  Colours  at  /,  by  gy  are  increafed,  while 
thofe  at  vy  i,  by  receive  no  farther  Increafe. 
And  as  the  trajeCted  Beam  M  O,  is  always  of 
fuch  a  Colour,  as  ought  to  refult  from  the 
Mixture  of  Colours  at  VG;  fo  the  reflected 
Beam  is  always  of  that  Colour  as  reful ts  from 
the  Colours  at  vg. 

] 3.  Thofe  Rays  which  have  a  peculiar  De¬ 
gree  of  Refrangibility,  and  are  tinged  with  a 
proper,  Ample  Colour,  are  called  Homogene al 
Light ,  and  al!  others  Heterogene  al  Light .  Let 
i  AC  be  a  Ray  of  heterogeneal  Light,  falling 
I  upon  a  Medium  of  Giafs  O  P  in  the 

Point  C.  This  Ray  will  be  feparated  by  the 
}  Medium  into  all  it’s  homogeneal  Rays,  of 
which  C  D  is  that  of  the  greateft  Refraction, 

:  and  CE  of  the  leaft.  (See  Fig.  2.)  The  Sines 
of  thefe  Refractions  are  G  D  and  E  F,  and 
of  the  incident  Ray  A  B.  Sir  Ifaac  Newton 

R  1  has 
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has  (hewn  that  AB  is  to  GD,  as  50  to  78, 
and  to  F  E,  as  50  to  77.  (See  his  Optics , 
page  73.)  Make  GI  and  F  H  equal  to  AB;; 
then  will  ID  and  HE  exprefs  very  nearly 
the  greateft  and  leaf!  Degree  of  Refrangibili- 
ty,  and  are  to  each  other,  as  28  to  27.  So 
that  1  D  exceeds  H  E  by  a  ~  of  I D ;  and 
therefore  we  may  take  this  Difference  of  the 
greateft  and  leaft  RefraCtion  to  be  a  27  1  Part 
of  the  mean  Refraction. 

14.  Let  AB  be  a  Plano-convex  Lens, 
(Fig.  3.)  Quit’s  Center  of  Convexity;  QJG 
it’s  Axis  produced  ;  D  A  an  heterogeneal  Ray 
parallel  to  the  Axis,  which  by  the  Lens  at  the 
Point  A,  is  refracted  into  all  it’s  homogenea! 
Rays,  of  which  A  L  is  that  of  the  leaft  Re- 
fraction,  AK  that  of  the  greateft,  and  AO 
that  of  a  mean  RefraCtion.  Suppofe  in  like 
manner  another  Ray  E  B,  refraCted  into  B  N. 
B  M,  and  BO.  Thefe  Rays  interfeCt  the 
Axis  in  the  Points  F,  O,  G.  And  thofe  oi 
greateft  and  leaft  RefraCtion  interfeCt  each 
other  in  H  and  I.  And  therefore  H  I  is  the 
Diameter  of  the  Circle,  in  which,  the  Rays  o; 
every  Degree  of  RefraCtion  will  be  found. 

15.  Draw  DAP  parallel  to  the  Axis  QG 
and  H  P  perpendicular  thereto.  Then  wil. 
P  H,  P  O,  P  I,  be  the  Sines  of  the  leaft1 
mean ,  and  greateft  Refractions ,  or  of  the  An¬ 
gles  H  AP,  O  A  P;  and  I A  P,  or  of  the  An¬ 
gles  equal  to  them,  x^GC,  AOC,  AFC 
But  the  Sines  of  the  Angka  AGC  and  AOC 

arc 
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are  as  the  Sides  AO  and  AG,  or  as  CO  and 
CG  nearly  (by  Princip.  II).  Thus  the  Sines 
of  the  Angles  AOC  and  AFC,  are  as  CF 
and  C  O  ;  confequently  P  H,  P  O,  and  P  f, 
are  as  CF,  C Q,  and  C G,  which  therefore 
may  reprefent  the  leaft,  mean,  and  greateft 
Re  fractions. 

16.  Now  fince  F  G  is  a  28th  Part  of  CG* 
(by  Art.  13.)  OG  will  be  a  56th  Part  of  CG: 
But  fince  the  Triangles  HOG  and  ACG  axe 
fimilar,  OG  :  CG  :  :  OH  :  AC  :  :  HI  :  AB 
:  :  1  :  56  5  that  is,  the  Diameter  of  the  Circle 
HI,  into  which  all  the  Rays  which  come  pa¬ 
rallel  from  any  Point  of  an  ObjeCt,  are  col¬ 
lected  by  a  Plano-convex  ObjeCt-Lens,  is  the 
56th  Part  of  the  Diameter  of  the  Aperture  of 
!  the  faid  ObjeCt-Lens. 

;  17.  What  this  Diameter  H  I  is,  in  the  Fo- 

I  cus  of  reflected  Rays,  may  be  thus  (hewn, 
]  Let  A  B  be  a  Concave  Speculum,  whofe  Cen- 
1  ter  is  D  A  a  Ray  parallel  to  the  Axis  QY* 
and  reflected  moft  of  all  towards  F,  fuppofe  O 
the  Focus  of  Rays  of  a  mean  Reflection,  and 
I  draw  OI  perpendicular  to  the  Axis,  which 
I  will  be  the  Semidiameter  of  the  circular  Spac€ 
1  into  which  Rays  of  every  Sort  will  be  reflec- 

I  ted  from  the  Point  A. 

18.  Since  F  will  always  fall  between  O  and 
vi  C,  the  Point  A  may  be  taken  at  fuch  a  Di¬ 
li  fiance  from  the  Vertex  C,  that  FA  may  be 
p  equal  to  FQj^  In  which  Cafe,  on  F  defcribe 
the  Semicircle  Q^AY,  cutting  the  Axis  in  Y  3 

R  2  then 
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then  fhall  OF  be  equal  to  *  CY.  For  OF  — 
QF  —  QO,  and  fo  2  OF  =  2  QF  —  2QO1 
=  QY  —  OC  =  CY  j  and  therefore  OF' 
=  |CY.  But  C  Y  is  the  Excefs  of  the  Se¬ 
cant  QY,  above  the  Radius  QA.  Confe— 
quently  when  the  Angle  AQC  is  given,  CY 
is  known,  and  therefore  it  is  half  O  F  ;  and! 
then  fince  OF  :  F  C  :  :  O  I  :  A  C,  the  Ratio 
of  I  O  to  AC,  the  Semi-aperture  of  the  Glafs; 
will  be  known. 

19.  For  Example.  Suppofe  the  focal  Lengthi 

O  C  of  the  Speculum  A  B  be  12  Inches,  andl 
the  Angle  AQC  =  20  3'^  whence  the  Arch 
AC  will  be  very  near  k  an  Inch.  Then  if 
the  Radius  QA  or  QC  =  100000,  the  Se — I 
cant  QY  will  be  10^095;  therefore  C  Y  ==: 
T^rhro,  the  half  whereof  =  F  O.  Since 

then  F  O  is  the  —~"b~  Part  of  QC,  it  will! 
be  the  ro-^-—  Part  of  OC;  and  therefore  I  Ol 
will  be  the  lame  Part  of  AC,  which  is  near 
20  times  lefs  than  a  ~  Part,  as  in  the  Con¬ 
vex  Lens. 

20.  If  each  individual  Point  of  an  Objedf 
were  to  affedt  but  Angle  or  individual  Points 
on  the  Retina ,  the  Pidture  there  made  would 
be  abfolutely  perfeffiy  and  the  Idea  conveyed 
to  the  Mind,  or  Vifion ,  would  alfo  be  perfedt- 
ly  dipt  inti ;  but  fince  it  has  been  fhewn,  that 
Rays  coming  from  any  Angle  Point  in  an  Ob- 
jedt,  and  colledled  by  a  Lens,  Mirrour,  or 
the  Eye,  do  not  reprefen t  that  Point  in  a 
Point,  but  circular  Space  of  the  Pidture ;  and 

fince 
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fince  every  Point  of  the  Pidure  may  be  the 
Center  of  fuch  a  circular  Space,  and  this  cir¬ 
cular  Space  will  admit  of  a  Mixture  of  as 
many  others,  as  there  are  Points  within  the 
Diftance  of  a  Semidiameter  ;  and,  laftly,  fince 
the  very  central  Point  of  this  Space  will  be 
affeded  or  covered  with  all  thofe  Circles, 
whofe  Centers  fall  within  it’s  own  Circumfe¬ 
rence:  I  fay,  from  all  thefe  Confiderations  it 
is  very  manifeft,  the  Pidure  muft  be  extreme¬ 
ly  confufed  and  indiftind,  and  confequently 
the  Vifion  will  be  fo  too;  and  that  in  Propor¬ 
tion  to  the  Area  of  the  Circle,  Confufion  is 
painted  in  the  Pidure  on  the  Retina  of  the 
Eye. 

21.  Now  fince  the  Areas  of  thefe  Circles, 
formed  by  refleded  Rays,  are  incomparably 
lefs  than  thofe  formed  by  refraded  Rays,  it  is 
evident,  the  Vifion  by  refleding  Inftruments 
muft  far  exceed  that  by  refrading  ones,  and 
confequently  that  refleding  Telefcopes  are 
vaftly  preferable  to  refrading  ones  in  their 
Effeds,  as  well  as  Conveniency  of  Form  ;  to 
the  Theory  of  which  I  now  proceed. 
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CHAP.  XV. 

Of  the  Cata-dioptric  or  Reflecting  7e- 
lefcope  ;  its  Theory ,  ConflruClion , 
and  Ufe . 


FI  E  imperfect  Vifion,  by  Dioptric 
Telefcopes,  of  a  great  magnifying 
Power,  unlefs  very  long,  which  then  were 
very  cumberfome  and  unmanageable,  gave  the 
Opticians  Occafion  to  meditate  and  contrive 
feme  Method  of  fhortening,  and  making  this 
excellent  Inftrument  of  a  more  commodious 
Form,  and  of  more  general  Ufe. 

2.  This,  from  the  Nature  of  the  Science, 
they  were  loon  convinced,  was  to  be  effected 
by  Rejection ;  and  therefore  feveral  Perfons, 
in  feveral  Parts,  began  to  contrive  and  make 
Ryle  Bing  Telefcopes ,  fome  one  Way  and  fome 
another.  The  hr  ft  Hint  and  Figure  of  any 
thing  in  this  Kind  was  by  Dr  James  Gregory , 
a  Scotchman ,  in  his  Book  called  Optica  pro - 
mot  a,  pag.  93,  94. 

3.  The  Form  and  Manner  of  the  Grego¬ 
rian  Telefcope  was  as  follows.  In  Fig.  2. 
let  AB.EF  be  a  Tube  open  at  the  End  AF, 
towards  the  Objedt  ;  at  the  other  End  he 

placed 
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placed  a  parabolic  Concave  Speculum  B  E, 
with  an  Hole  C  D  perforated  in  it’s  Vertex  ; 
a  little  beyond  the  Focus  e  of  this,  he  placed 
another  fmall  Concave  G,  (on  the  Foot  GH) 
of  an  Elliptic  Form;  at  the  End  of  the  great 
Tube  B  E,  he  fere  wed  in  a  fmall  Tube 
C  D  K  I,  containing  an  ocular  Lens  of  a  co¬ 
noid  Form  on  one  Side,  and  plain  on  the 
other. 

4.  Now  fuppofe  b>  two  parallel  Rays, 
falling  on  the  Speculum  B  E,  in  c,  from 
thence  they  are  refleded  to,  and  colleded  in, 
it’s  Focus  e ,  where  the  Image  is  formed  and 
inverted ;  this  Point  e  is  alfo  one  Focus  of  the 
Elliptic  Speculum  G,  and  therefore  the  Rays 
coming  thence,  and  falling  on  G,  are  by  it 
refleded  to  the  other  Focus  thereof,  in  the 
little  Tube  at  f  Here  again  the  Image  is  re¬ 
formed,  very  large,  and  ered,  which  being 
alfo  in  the  Focus  of  the  Plano-conoid  Lens 
I  K,  is  feen  by  parallel  Rays  very  clear  and 
difl:inde. 

5.  Such  was  the  Form  and  Theory  of  the 
original  Gregorian  Tube,  but  the  Dodor,  be¬ 
ing  deficient  in  Mechanics,  never  brought  it 
to  Perfedion,  but  propofed  it  for  others  to 
execute.  He  had  alfo  fpherical  Specultijpas" of 
Metal,  but  could  not  ufe  them  for  want  of  a 
good  Polifh.  And  thus  nothing  was  done 
in  the  Telefcope  of  this  new  Invention,  till’ 
about  the  Year  1666,  when  Sir  Ifaac  Newton 
thought  proper  to  alter  a  little  the  Gonftmc- 

R  4  tioil 
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tion  of  the  Gregorian  Tube,  and  inftead  of 
placing  the  Eye-Glafs  at  the  End,"  he  put  it 
into  the  Side  of  the  Tube,  as  in  Fig.  3. 

6.  Where  ABEF  is  the  Tube,  BE  the 
Object  fperical  Concave,  which  refled  the  pa¬ 
rallel  Rays  a,  b ,  to  a  fmall  plain  Speculum  G, 
placed  a  little  within  the  Focus  of  BE,  and 
fo  as  to  throw"  the  converging  Rays  diredly  to 
the  Side  of  the  Tube,  upon  a  fmall  Eye-  ‘ 
Glafs  I,  placed  in  a  Hole  therein  ;  and  the 
Situation  of  the  Speculum  G  was  fuch,  that 
the  Focus  of  Parallel  Rays  from  BE,  was 
made  to  fall  exactly  on  the  Focus  of  the  Eye- 
Glafs  in  e  ;  and  confequently  the  Eye  muft 
then  have  diftind  Vifion  by  Parallel  Rays. 
This  was  the  Strudure  of  the  Newtonian 
Tube. 

7.  A  few  Years  after  one  Monfieur  Cafe- 
grain  publifhed  a  Defcription  of  a  Reflecting 
Telefcope,  as  his  own  Invention;  but  fince  it 
was  entirely  of  the  Form  of  that  in  Fig.  4, 
where  the  only  Difference  between  it  and  the 
Gregorian  Telefcope  is,  that  the  fmall  Specu¬ 
lum  G  i-s  in  this  a  Convex ,  and  in  Dr  Gre¬ 
gory's  a  Concave.  And  therefore  this  of  Mon- 
lieur  Caf'egrains  feems  to  be  only  that  of 
Dr  Gregory's  difguifed. 

8.  About  this  Time  alfo  Dr  Hook  contrived 
a  Telefcope  of  this  Kind;  the  Form  thereof 
was  that  of  Fig.  5,  wherein  you  fee  it  differs 
nothing  from  the  Gregorian  Telefcope,  but 
the  placing  of  the  Eye-Glafs  I,  in  the  Hole 
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of  the  great  Concave  B  E.  But  whether 
Dr  Hook  infilled  on  this  as  his  own  Invention 
I  cannot  fay,  though  he  feems  to  do  fo  in  a 
Letter  he  wrote  about  it  to  fome  Lord. 

9.  To  thefe  feveral  Forms,  I  fhali  add  one 
that  I  contrived  for  my  own  Ufe,  which  is 
fome  what  of  the  Newtonian  Strudure,  but  of 
a  perpendicular  Pofition,  as  reprefented  in 
Fig.  6.  ABEF  is  the  Tube,  in  which  there 
is  an  Opening  or  Aperture  O  P,  in  the  upper 
Part;  againft  this  Hole,  within  the  Tube,  is 
placed  a  large  plane  Speculum  G  H,  at  half  a 
Right  Angle,  with  the  Axis  or  Sides  of  the 
Tubes,  with  an  Hole  CD  perforated  thro5 
the  middle  thereof.  The  Parallel  Rays  ah^ 
falling  on  the  inclined  Plane  G  H,  are  reflected 
perpendicularly  and  parallel  on  the  great  Corn- 
cave  B  E,  in  the  Bottom  of  the  Tube;  from 
thence  they  are  refleded  converging  to  a  Fo¬ 
cus  e,  through  the  Hole  of  the  Plane  C  Da 
which  being  alfo  the  Focus  of  the  Eye-Glafs 
I K,  the  Eye  will  perceive  the  Objed  very 
much  magnified  and  diftind. 

10.  Now  though  the  Forms  and  Strudure 
of  thefe  feveral  Tubes  are  different,  yet  their 
Effeds  all  flow  from  one  Principle,  viz.  The 
Jupcrior  Perfection  of  ref  ex  Vifon.  For  they 
all  perform  their  Effeds  either  by  one  Reflec¬ 
tion,  as  Fig.  3  and  6 ;  or  elfe  by  two,  a & 
Fig.  2,  4,  and  5.  And  an  Image  formed  by 
refleded  Rays  is  fo  very  perfed  and  diftind* 
that  it  will  bear  viewing  with  an  Eye-Glafe 

of 
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of  a  much  fhorter  focal  Diftance,  than  when  it 
is  painted  by  rerradted  Rays ;  for  in  that  Cafe, 
if  it  be  magnified  too  much,  the  Confufion 
of  the  Pidture  will  be  rendered  fenfible,  and 
the  diftindt  Vifion  of  the  Objedt  entirely  im¬ 
peded. 

1 1.  I  fhall  firft  confider  the  Effedts  of  the 
Gregorian  Telefcope  by  two  Refledtions.  In 
Plate  XXXI.  Fig.  i/ABEF  is  the  Tube 
containing  the  great  Concave  B  E,  and  little 
one  G  ;  let  a ,  by  be  two  Parallel  Rays  coming 
from  a  vaftly  diftant  Objedt  O  B,  and  falling 
on  the  Concave  in  the  Points  cy  d ;  from 
hence  they  will  be  refledted  to  the  Focus  ex 
where  they  form  an  Image  I  M  inverted.  Let 
f  be  the  Focus  of  the  fmall  Concave  G,  and 
fince  the  Image  I M  is  a  little  farther  diftant 
from  the  Concave  G  than  it’s  Center,  the 
Rays  come  from  it  with  fuch  a  Degree  of  Di¬ 
vergency,  as  to  be  refledted  by  the  little  Con¬ 
cave  to  another  Focus  k,  and  there  eroding 
again  form  another  Image  I M,  which  will  be 
now  in  an  eredt  Pofitionj  and  being  fuppofed 
in  the  Focus  alfo  of  the  Eye-Glafs  K  L,  the 
Rye  will  fee  a  Part  of  it  very  diftindt,  and 
greatly  magnified.  This  has  been  in  every 
Part  fo  particularly  demonftrated,  in  the 
Theory  and  Pradtice  of  Catoptrics ,  that  I  need 
riot  here  again  repeat  it. 

12.  Now  as  to  the  Power  of  magnifying, 9 
kt  £Qjind  gQ^be  two  Rays  coming  from 
the  Extremities  of  a  diftant  Objedt,  and  meet- 
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ing  in  the  Center  Q^of  the  Speculum  BE; 
thefe  Rays  will  terminate  the  Image  I M,  be- 
caufe  the  Objedt  and  it’s  Image  are  both  feen 
under  the  fame  Angle  to  an  Eye  at  the 

Center  or  Vertex  of  a  Speculum,  by  Art.  5. 
Chap.  IV,  of  Catoptrics.  Now  this  firft  Image 
I M  may  be  confidered  as  an  Objedt,  with 
Refpedt  to  the  fmall  Speculum  G,  whole 
Image  IM  is  formed  in  the  Focus  ky  and 
terminated  by  the  Rays  I G  and  MG,  drawn 
through  the  Extremities  of  the  Objedt  I  M. 
This  fecondary  Image  I M,  is  that  which  is 
viewed  by  the  Eye-Glafs  K  L,  under  the  An¬ 
gle  JNM,  fuppofing  it  could  be  all  feen  at 
once.  And  therefore  the  Objedt  is  to  the 
Image  in  this  Telefcope,  as  the  Angle 
to  the  Angle  IHM. 

13.  But  thefe  Angles  are  in  the  compound 
Ratio  of  Q j?  to  e  G,  and  of  k  G  to  k  N,  for 
the  Angle  I  QJM  is  to  I  G  M,  as  e  G  to 
and  IGM  (=  I G  M)  is  IN  M,  as  k  N  to 


k  G  ;  and  therefore 


IGM  INM 

-  x  - 


( 


I N  M  ^ 


k  G 

eG  x  In 


I QM  IGM 
That  is,  the  Angle 


IQJV1 

I N  M,  is  to  the  Angle  I  QM  or  g  Q  t,  as 
Q^  x  kG  is  to  rG  x  £N.  All  which  is 
demonftrated  in  Chap.  II,  of  this  Part. 

14.  Hence  as  Q£,  the  focal  Diftance  of  the 
Objedt  Speculum  BE,  is  increafcd,  or 

the 
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the  focal  Diftance  of  the  Eye-Glafs  is  dimi- 
nifhed,  the  magnifying  Power  of  the  Tele- 
fcope  will  be  increafed.  And  it  is  evident, 
that  the  fame  things  are  at  the  fame  Time 
fhewn  for  Caffegrairis  Telefcope,  Fig.  2. 
where  the  fmall  Speculum  G  is  a  Convex, 
and  the  Image  I  M  only  virtual ,  or  behind 
it,  and  the  Image  I M  inverted ,  other  things 
being  the  fame. 

15.  If  the  focal  Diftance  Q^,  of  the  Ob- 
Jedt-Speculum  BE,  and  Gf  of  the  fmall  one 
G  be  given,  and  you  have  determined  the 
Point  ky  where  the  fecond  Image  is  to  be 
formed,  the  Diftance  G  £,  of  the  firft  Image 
from  the  Speculum  G,  may  then  be  found, 
and  a  Theorem  raifed  for  calculating  the  mag¬ 
nifying  Power  of  the  Inftrument.  For  having 
the  focal  Diftance  and  the  Diftance  QJt, 
there  is  known  ke  \  then  put  ke  =  X, 
Ge  =  d}  and  Gf=  \r->  and  we  (hall  have 

~  X -j -d  —  Gk  =  — - - ;  by  Theor.  14. 

2  a — r 

Chap.  III,  of  Catoptrics. 


16.  Then - 


1 

2 

3 


X  +  d  = 


T 


dr 


2  dX 
—  d  i 


2d  - 
2  dd— 
-  dr. 


-  r 
■Xr 


f  2d¥k.-\g2dd — Xr 
\  =  2  dr. 

J  2dX-j-2dd — 2 dr 

[  =  Xr. 


Therefore - 

Add  dry - — • 

t 

And  by  Tranlpof. — 


4 


Divide 


* 
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MX  .4-  dd 


I 


Divide  by  2  — 

Pat  — -  — •  — 

Then  —  - - 

Compare  the  Squ. 

Extract  the  Root 

Therefore  —  • — 


5 

6 

7 

8 


i 

X- 

dd 
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—  dr 


iXr. 


10 


{ 

d- 

{ 


r  —  2Z. 
j  J  2.Z  d  2  X  T „ 

dd'\<iZd~\'  ZZ 
—  -iXr  +  ZZ. 
d-^Z-V^Xr-^ZZ: 
d—  ViXr-f-ZZ 
—  Z,  Theorem. 

17.  Having  thus  found  d  =  Diftance  of 
the  firft  Image  from  the  fmall  Mirrour  G ; 
the  magnifying  Power  of  the  Tube  may  eafily 
be  computed  as  follows.  Let  the  focal  Di¬ 
ftance  of  the  great  Mirrour  B  E  be  6  Inches, 
that  of  the  leffer  i  Inch ;  and  let  it  be  propo- 
fed  to  have  the  fecond  Image,  or  Point  k ,  at 
i  Inch,  before  the  Mirrour  B  E  -y  then  will 
X  ^  —  5>  f  =  2,  and  X  —  r  —  2  Z  =  3, 
and  fo  Z  =  1.5.  Whence  by  the  Theorem, 
(Art.  16.)  we  ftiall  find  d  =  1,192.  See  the 
Operation. 

aXr  =  5 
ZZ  = 

4Xr  +  ZZ  = 


2. 


7.25  / 2.692  =  y/iXr-\-Z2T. 
4  VI-5  =  Z- 


46  )  325  I-l92 
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529  ) .4900 
4761 


Ge. 


13900 


18.  Having 
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18.  Having  G  e  =  1.192,  and  =  6, 

Qj?  6 

we  have  — -  =  — — ,  which  is  the  firft  Part 

1. 192 

of  the  magnifying  Power.  Then  if  the  fo¬ 
cal  Diftance  N  k  of  the  Eye-Glafs  be  1  i  of 

Gk  6.192 

an  Inch,  we  have  —  =  - .  And  there- 

5  Nk  1.25 

Q<?  Gk  6  6.102  27.IC2 

fore  —  x - =  -  x  — ^ — — 

Ge  Nk  1. 192  1.25  1.49 

=  25  very  nearly.  Therefore  an  Eye-Glafs 
K  L,  whofe  focal  Diftance  is  N  k  =  1  j  of 
an  Inch,  will  magnify  25  times,  and  if  Nk 
be  but  j  Inch,  it  will  magnify  the  Diameters 
of  Obje&s  above  50  times. 

19.  There  is  one  Cafe  when  the  Power  of 
magnifying  will  be,  as  the  Square  of  the  focal 
Diftance  of  the  great  Mirrour ,  to  the  Rett  angle 
under  the  focal  Diftance s  of  the  [mailer  Con¬ 
cave,  and  the  Eye- Lens.  And  that  is,  when 
Qf  =  fe ;  for  then  the  faid  Power  will  be  as 

Qi e  x 

— 1 - -.  Thus  fuppofeO  e  =  6  Inches,  and 

Gf  x  ™  ^ 

G f  =  =  1  Inch,  fuch  a  Telefcope  will 

QX x  6x6 

magnify  36  times ;  for - =  - 

Gf x  Nk  ix 1 

=  36- 

20.  If  Q^,  the  focal  Diftance  of  the  greater 

Concave  B  E,  be  9  Inches,  and  that  of  the 

*  lefler 
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leffer  G  be  1  i,  and  of  the  Eye-Glafs  1  Inch  ; 

9  x  9 

then  if  Qk  =  /V,  we  {hall  have  — —  —  $4, 

I.5*I 

the  Number  of  Times  fuch  a  Telefcope  will 
magnify.  If  the  focal  Length  of  the  Eye- 
Glafs  be  but  1  Inch,  the  Power  will  be 


9*9 

I  x  1 


8 1  $  for  fo  many  times  will  it  mag¬ 


nify  the  Diameters  of  Objedts. 

2 1.  If  12  Inches,  Gf  —  2,  and 

N  k  z =  1.5;  then  if  ==  fe,  we  have 

12x12  144  ^ 

— — —  =  - =  48,  the  Number  of  Times 

2  x  1.5  3 

the  Diameters  of  Objedts  will  be  magnified ; 
but  if  Gf  —  1.5,  and  N  k  —  1  Inch,  then 

12x12 

the  Power  will  be  — —  =  96  times.  If 

1.5X  1 

the  Image  I M  be  required  at  any  other  Di~ 
ftance  before  or  behind  the  great  Concave 
the  Power  of  magnifying  may  be  found  as  in 
Art.  16  and  17. 

22.  If  the  Telefcope  be  larger,  viz.  1  \ 
Foot,  or  2,  3,  4,  5,  6,  &c.  Feet  long,  there 
are  two  Eye-Glafles  applied,  as  in  Fig.  3. 
Where  the  Image  I M  is  projected  to  fome 
Diftance  Q k_y  behind  the  great  Mirrour  BE, 
and  by  the  interpofition  of  the  firft  Eye-Glafs 
W  X,  it  is  contradted  into  RS,  by  Refradtion 
qf  the  Rays  W  M9  XI  into  W  N,  XO,  at 

the 
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the  fecond  Eye-Glafs  Y  Z,  which  again  re- 
frads  them  to  the  Point  P,  where  the  Eye 
views  the  Objed  in  it’s  laft  Image,  under  the 
Angle  N  P  O.  The  Effeds  of  a  Combina¬ 
tion  of  two  Eye- Glades  have  been  already 
explained  in  Chap.  VII,  of  the  Microfcope, 
where  the  Power  of  magnifying,  the  Ampli¬ 
fication  and  Quantity  of  the  optic  Angle 
N  P  O,  are  confidered  in  Comparifon  with 
the  fame  in  a  Angle  Eye-Glafs. 

23.  For  if  the  Nature  and  Conftrudion  of 
this  Telefcope  be  well  obferved,  we  fhall  find 
it  of  a  telefcope  and  Microfcope  conjoined  in 
one ,  or  compounded  in  one  Machine.  For,  (1.) 
We  are  to  confider  the  Objed  Mirrour  BE, 
forming  the  Image  I  M  of  diftant  Objeds,  in 
it's  Focus  e,  and  the  fmall  Speculum  G,  pla¬ 
ced  at  it's  focal  Diftance  from  the  Image,  will 
give  diflind  Vifion  thereof  by  Parallel  Rays 
to  any  Eye  at  Q>_  which  is  the  Fundion  of 
an  Eye-Glafs,  and  magnifies  the  Objed  in 
Proportion  of  their  focal  Lengths  Q^and  eG  ; 
which  is  all  that  is  performed  in  a  common 
Telefcope.  But,  (2.)  If  the  Image  I  M  be 
now  looked  upon  as  a  Microfcopic  Objed,  it 
is  removed  a  little  from  the  Focus  /of  the 
fmall  Speculum,  fo  far  as  to  caufe  a  large  Image 
thereof  I M,  to  be  formed  near  the  Eye, 
which  is  the  Effed  of  an  Objed-Glafs  in  a 
Microfcope ;  this  Image  I M  is  diftindly 
viewed  in  the  Focus  of  an  Eye-Glafs  or  two, 

which 
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which  is  all  that  is  performed  in  a  common 
Microfcope. 

24.  Therefore  fince  the  Reflecting  Tele- 
fcope  is  nothing  but  a  common  Telefcope  and 
Microfcope  combined  together,  and  it’s  Ef¬ 
fect  compounded  of  the  EffeCts  of  thofe  two 
Inftruments ;  it  is  evident  the  Nature  or 
Theory  of  this  admirable  Inftrument  will  be 
eafy  to  underftand,  when  thofe  of  the  Ample 
Telefcope  and  Microfcope,  before  explained, 
are  well  confldered,  and  underflood. 

25.  I  fhall  conclude  this  Account  of  the 
Reflecting  Telefcope  with  an  Obfervation  or 
two,  neceffary  for  thofe  that  fhall  undertake 
to  make  them ;  and,  firft,  with  Regard  to 
the  Hole  C  D,  in  the  great  Speculum  B  E, 
it’s  Diameter  fhould  be  equal  to  that  of  the 
i mailer  Speculum  G  ;  for  if  it  be  lefs,  no  more 
parallel  Rays  (which  make  the  principal  Pen¬ 
cil  c y  x  d)  can  be  reflected,  than  if  it  were 
equal  to  xy ,  and  fo  it  can  anfwer  no  Purpofe, 
but  may  do  Harm,  in  contracting  the  vifible 
Area  within  too  narrow  Limits. 

26.  Again,  it  muft  not  be  bigger  than  the 
Mirrour  G,  becaufe  fome  parallel  Rays  will 
then  be  loft,  and  thofe  of  moft  Confequence 
too,  as  being  neareft  the  Center ;  if  any  Part 
of  the  great  Mirrour  can  be  fpared,  it  muft 
be  on  the  Extremity.  Now  the  Breadth  of' 
the  little  Mirrour  xy,  is  eafy  to  be  deter¬ 
mined  by  the  focal  Diftances  Qj?  and  eG7 
and  Aperture  of  the  great  Mirrour  cd7  for 

S  Qe 
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Qjs :  e  G  :  :  d  c  xy.  Suppofe  QJ£  =  6,  e  G 


1.2  x  1.5 

~  i.2,  and  c  q  =  i«5  >  then - - -  =  0.3 

6 

of  an  Inch,  and  therefore  xy  may  be  a  little 
more  than  of  an  Inch.  If  Q£  =  9,  e  G 


1.5,  and  cd  —  2  ;  then 


1.5  x  2 


°*3F 


=  xy.  If  Qe^=  1 2,  eG  =  2,  and  cd  =  2  * 
2x2 

then  -  =  0.14  =  xy,  which  may  be 

12 


then  made  about  \  an  Inch.  For  the  Diame¬ 
ter  of  the  Mirrour  fhould  be  a  little  bigger 
than  the  Pencil  of  Rays,  which  it  receives. 


27.  The  next  thing  to  be  regarded  is  the 
fmail  Hole  at  P,  in  the  End  of  the  Eye- 
Piece,  which  mult  be  nicely  adjufted  to  the 
Size  of  the  Cylinder  of  Rays,  emerging  from 
the  principal  Pencil  in  the  neareft  Lens  Y  Z. 
For  if  it  be  bigger,  it  will  permit  the  foreign 
Light  of  the  Sky,  &c.  to  enter  the  Eye, 
which  cannot  be  fuffered  ;  for  the  Eye  muft 
receive  nothing  but  what  comes  from  the 
Surface  of  the  fmail  Mirrour  G.  If  the  Hole 
be  fmaller  than  the  Diameter  of  the  Cylinder 
P  r  sy  then  fome  of  the  neceflary  Light  of  the 
principal  Pencil  will  be  excluded,  and  the  Ob- 
jed  rendered  more  obfcure. 

28.  If  the  Eye-Glafs  YZ  were  alone,  and 
/  the  Focus  thereof,  the  Diameter  of  the  Hole 

would 


-  / 
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would  be  found  by  this  Analogy;  As  G/: 
/  r  :  :  x y  :  r  s  —  the  Diameter  of  the  Cylin¬ 
der  or  Hole.  Suppofe  G  l  =  8,  /r  =  1,  and 

,  1  x  °-3 

^7  =  0.3  3  then  — — —  =  0.04  —  rs,  near- 

8 

ly ;  therefore  the  Hole  mud  not  exceed  ~  of 
an  Inch  in  Diameter.  Again,  fuppofe  G  / 


lr  —  1.4,  and  xy  =  0.5;  then 


1.4  x  0.5 
16 


—  0.044  =  rs  j  aFjd  therefore  in  a  Telefcope 
of  this  Length,  the  Hole  at  P  muft  not  ex¬ 
ceed^  or  —■  of  an  Inch  in  Diameter.  And 
this  will  be  the  Size  of  the  faid  Hole,  if  the 
Image  R  S  be  formed  in  the  middle  between 
two  Eye-Giaffes  W  X,  and  YZ.  For  fince 
lr  ~  In,  no  will  be  equal  to  rs,  and  it  is 
G  l :  l  ?n  :  :  x  y  :  n  0  =  r  s,  as  before. 


t 

29.  It  is  ufual  to  place  a  Plate  TV,  in  the 
Focus  /  of  the  Eye-Glafs  YZ,  with  a  Hole 
in  the  middle  of  fuch  a  Diameter  RO,  as 
will  circumfcribe  the  Image,  and  limit  the 
Angle  of  Vifion,  in  fuch  a  Manner,  as  to  ex¬ 
hibit  only  fo  much  of  the  vifible  Area,  as  ap¬ 
pears  diftindt,  and  exclude  the  confufed,  co¬ 
loured,  and  contorted  Part  thereof ;  and  all 
the  collateral  and  fuperfluous  Rays,  which 
enter  by  the  Sides  of  the  little  Mirrour,  or 
are  refle&ed  from  it's  Margin.  The  Diameter 
of  this  Hole  RS  is  various,  according  to  the 
various  Dimeniions  of  the  Telefcope,  and 

S  2  Apertures 
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Apertures  of  the  Eye-Glaffes  W  X  and  N  G. 
And  had  better  be  adjufted  by  Trials,  than 
Rules  which  might  be  given. 

30.  This  famous  Inftrument  owes  it’s  Ori- 
-  ginal  to  the  Invention  of  Dr  Gregory ,  (as  be¬ 
fore  faid)  but  it’s  Perfedtion  to  the  Sagacity, 
Skill,  and  Induftry,  of  'John  Hadley ,  Efq; 
Vice-Prefident  of  the  Royal  Society ,  about  1 8 
or  20  Years  ago.  Since  which  Time  it  has 
been  attempted  by  divers  Perfons,  and  exe¬ 
cuted  fo  well,  that  when  once  they  can  be 
made  as  common  as  they  are  ufeful,  and  be 
fold  cheap,  the  long  Dioptric  Telefcopes  will 
be  heard  of  no  more.  And  that  this  will  be 

1 

the  Cafe  e’er  long,  1  can  almoft  venture  to 
predidt,  being  well  adored,  from  what  I  have 
done  in  it  myfelf,  that  the  Conflrudfion  is  not 
fo  difficult,  and  the  Workmanfhip  and  Mate¬ 
rials  fo  expen  live,  as  is  generally  underftood. 


C  H  A  P. 


t 


CHAP.  XVI. 


I 

Of  Micrometers 5  and  the  Method  of 
fitting  them  to  Microfcopes  and  Te- 
lef copes, 

I. r  I  1  H  E  Word  Micrometer  is  Greek, ,  and 
jj[  fignifies  an  Inftrument  to  meafure 
J mall  ObjeBsy  as  thofe  which  are  the  Subje&s 
of  our  View  through  the  Microfcope  or  Tele- 
fcope ;  and  therefore  any  Contrivance  in  either 
of  thefe,  or  any  other  Ways  applied,  by  which 
we  can  meafure  fuch  fmall  Objeds,  whole 
Dimenfions  cannot  be  taken  by  a  common 
Rule,  is  called  a  Micrometer.  Of  thefe  there 
are  feveral  Kinds,  fome  of  which  have  been 
applied  to  the  Telefcope,  but  none  fixed  in  a 
Microfcope  before  that  which  I  make  and 
fell  under  the  Title  of  the  Pocket  reflecting 
Microfcope  with  a  Micrometer . 

2*  Thofe  which  I  make  and  ufe  in  the 
Microfcope  are  of  two  Sorts,  which  I  fhall 
now  defcribe.  The  firft  confifteth  of  a  cir¬ 
cular  Piece  of  Glafs  A  B,  on  the  middle  Part 
of  which  are  ftrait  parallel  Lines  cdefi  drawn 
with  the  fine  Point  of  a  Diamond,  (in  an. 
Inftrument  made  for  that  Purpofe)  of  which 

S3  '  40 
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40  are  contained  in  an  Inch,  or  the  Inter¬ 
val  between  two  Lines  is  precifely  the  40th 
Part  of  an  Inch,  See  Fig.  1.  Plate  XXXIL 

3.  The  Intervals  of  thefe  Lines,  tho’  fcarce 
difcernable  to  the  naked  Eye,  are  very  di- 
ftinft,  and  appear  very  large  through  a  Lens,  - 
whofe  focal  Diftance  is  but  an  Inch,  larger 
than  the  Tenth  of  an  Inch  to  the  nakedJEye. 
And  therefore,  if  it  be  placed  in  the  Focus  of 
the  Eye-Glafs  of  the  Microfcope,  the  Image 
of  the  Ohjedt  will  be  painted  upon  thofe 
Lines,  and  the  Parts  thereof  may  be  com¬ 
pared  with  the  Intervals,  and  their  true  Mag¬ 
nitude  or  Dimenfions  thereby  very  nearly 
known. 

4.  Let  A  B  be  the  Focus  of  the  Eye-Glafs 
D  F,  (Fig.  2.)  in  this  Focus  I  either  place 
another  Lens  for  amplifying  the  Optic  Angle, 
or  elfe  the  Glafs  Micrometer  for  meafuring 
fmall  Obje&s;  let  this  Micrometer  be  repre- 
fented  by  the  Circle  G  H I  K,  and  the  parallel 
Lines  by  LMNO,  all  magnified  by  the  Eye- 
Glafs  DF.  Let  the  Edge  of  a  Ruler  g  by 
graduated  into  Inches  and  Tenths,  be  laid 
under  the  Objedl-Glafs  df,  and  ab,  two  of 
thofe  Tenths  which  will  be  reprefented  by 
AC,  CB,  in  the  Focus.  Again,  let  each 
Tenth  ac,  andcb,  be  divided  into  four  equal 
Parts,  thefe  Divifions  will  be  fhewn  by  the 
dotted  Lines  between  A  C  and  C  B  in  the 
Image,  and  will  appear  very  large. 


5.  Now 
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5.  Now  you  are  to  confider,  that  fo  many 
Times  as  the  Diftance  Ce,  is  greater  than 
CE,  fo  many  Times  AB  is  bigger  than  a  b  ; 
and  confequently,  fo  many  Intervals  of  40th 
Parts  in  the  Glafs  Micrometer*  will  be  equal 
to  one  fuch  Interval  in  the  Image  A  B.  If  Ce 
:  CE::  4:  i,  then  four  fuch  Intervals  in  the 
Micrometer  are  equal  to  one  in  the  Image ;  if 
Ce  :  CE  :  :  5  :  1,  or  6  :  1 ;  then  will  five  or 
fix  of  thofe  in  the  Micrometer  correfpond  to 
one  of  thofe  in  the  Image  ;  and  therefore  by  an 
Obfervation  of  this  Kind  it  will  be  eafy  to 
know,  at  any  Time,  what  the  Ratio  of  Ce 
to  CE  is,  and  confequently  how  much  the 
Microfcope  magnifies  an  Objedt. 

6.  With  this  Micrometer  it  will  be  very  eafy 
to  meafure  any  minute  Objedt  very  exadtly ; 
for  the  Image  being  caft  upon  it,  it  will  be 
eafy  to  judge  what  Proportion  the  Diameter 
of  the  Objedt,  or  Part  to  be  meafured,  bears 
to  that  of  an  Interval  between  two  Lines  of 
the  Micrometer,  and  from  thence  to  deter¬ 
mine  it  in  Parts  of  an  Inch.  Thus,  if  I  ob~ 
ferve  the  Width  of  an  Objedt  to  be  juft  the 
fame  with  that  of  an  Interval,  I  know  it  is 
the  40th  Part  of  an  Inch  ;  if  half  the  Width* 
one  Both  Part ;  if  i  of  the  Width,  it  will  be 
one  1 60th  Part  of  an  Inch. 

7.  Thus  if  an  Objedt  cover  a  5th  Part  of 
an  Interval,  it  will  be  but  the  200th  Part  of 
an  Inch  in  Diameter ;  if  I  find  it  is  in  Length 
equal  to  one  Interval,  or  a  40th  Part  of  an 

S  4  Inch* 
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Inch,  the  Superficies  of  that  Objedt  will  be 
do  x  d  =  8— >  or  one  Bcooth  Part  of  a 
fquare  Inch.  And  thus  the  Length,  Superfi¬ 
cies,  and  Solidity  of  any  minute  Objedi,  or 
Part  thereof,  may  be  known,  and  meafured 
to  a  fufficient  Degree  of  Exadtnefs  by  this 
Glafs  Micrometer,  which  is  fo  eafy  to  be  un¬ 
der  flood,  that  I  need  fay  no  more  of  it. 

8.  The  fecond  Sort  of  Micrometer  is  more 
artificial,  and,  if  well  underflood,  would  be  of 
very  great  Ufe  where  the  utmoft  Exadtnefs  is 
required.  It  confifts  of  a  Screw  and  Nut ; 
(fee  Fig.  3.)  the  Nut  is  fixed  into  the  Side  of 
the  Microlcope  at  G,  a't  the  Focus  of  the 
Eye- Glafs  DF  5  on  the  external  Part  or  Face 
of  the  Nut  is  a  graduated  Circle,  reprefented 
in  the  Fig.  N  T,  in  the  Center  of  which  the 
Screw  H  O  moves,  the  Hand  H  (^pointing 
to  the  Divifions  of  the  Circle. 

9.  The  Screw  H  O,  that  I  ufe  in  my 
Pocket  Microfcope,  has  50  Threads  in  an 
Inch  precifely;  and  the  Circle  N  T  is  divided 
into  20  equal  Parts,  and  numbered  as  in  the 
Figure.  Now  fince  one  Turn  or  Revolution 
of  the  Hand  moves  the  End  of  the  Screw  O, 
over  a  Space  equal  to  the  ~  of  an  Inch,  the 
Motion  of  the  Hand  over  one  of  the  Divi- 
fions  of  the  Circle,  will  caufe  the  Point  O  to 
move  over  the  ~  of  ~  of  an  Inch,  that  is, 
over  the  Part  of  an  Inch. 

10.  Now  when  the  lower  Eye-Glafs  GK 
is  taken  away,  the  Image  A  B,  of  any  Objedt 

a  b, 
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ab,  is  projedted  into  the  Place  of  the  Screw, 
or  Focus  of  the  Glafs  D  F,  and  fo  the  Screw. 
H  O  will  appear  to  lie  or  move  upon  the  Sur¬ 
face  of  the  Image;  and  as  the  Screw  will  ap¬ 
pear  very  large,  fo  it’s  Motion  will  be  very 
vifible  over  the  lead:  Part  of  the  Image.  Sup- 
pofe  now  the  Image  AB,  be  4  times  larger 
than  the  Objedt  a  b ;  then,  iince  the  whole 
Revolution  of  the  Screw  moves  the  Point  O 
over  one  50th  of  an  Inch  in  the  Image,  it 
will  be  but  one  4th  of  one  50th  in  the  Ob¬ 
ject  ab;  that  is,  it  will  meafure  a  200th  Part 
of  an  Inch  in  the  Objedt.  Again,  fince  the 
Motion  of  the  Hand  over  one  Divifion  in  the 
graduated  Circle,  meafures  the  1  oooth  Part  of 
an  Inch  in  the  Image,  it  will  meafure  but  a 
4000th  Part  of  an  Inch  in  the  Objedt. 

11.  And  thus  if  the  Image  A  B  be  5,  6, 
8,  or  10  times  greater  than  the  Objedt  ab,  one 
Revolution  of  the  Hand  will  accordingly  mea¬ 
fure  the  250th,  300th,  400,  or  500th  Part 
of  an  Inch  in  the  Objedt;  and  the  Motion 
over  one  Divifion  of  the  Circle  will  be  over 
one  5000th,  6000,  8000th,  or  1  ooooth  Part 
of  an  Inch  in  the  Objedt.  And  thus  know¬ 
ing  the  Meafure  of  one  Revolution,  or  of  one 
Divifion,  the  Meafure  for  any  Number  of  Re¬ 
volutions,  or  Divifions  in  the  Circle,  is  alio 
known.  For  Inftance; 

12.  Let  A  B  be  to  a  b,  as  8  to  1  ;  and 
fuppofe  in  meafuring  the  Length  or  Breadth 
of  an  Objedt,  your  Index  makes  four  Revolu- 

tions^ 
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tions,  and  {lands  at  the  13th  Divifion  of  the 
Circle.  Then  fince  in  fuch  a  Microfcope, 
one  Revolution  is  the  400th  Part  of  an  Inch, 
four  Revolutions  will  be  the  100th  Part  of  art 
Inch  in  an  Gbjed  ab,  and5  again,  fince  one 
Divifion  is  the  8000th  Part,  13  Divifions  will 
be  ~-0  =  0.0016  of  an  Inch;  but  0.01  -p 
0.00 1 6  =  0.0 1 16  of  an  Inch;  that  is,  the 
Length  or  Breadth  of  fuch  a  Part  of  the  Ob¬ 
ject  was  ~~  Part  of  an  Inch. 

13.  Or  thus;  4  Revolutions  make  80  Di¬ 
vifions  on  the  Circle,  which,  with  the  odd  13, 
make  93  Divifions  in  all ;  then  —  0.0 1 16, 
the  Decimal  Part  of  an  Inch,  as  before,  for 
the'  Length  of  the  Objed,  or  Part  meafured. 
In  Pradice,  the  beft  Way  is  to  determine  the 
Proportion  of  C  e  to  C  E,  or  of  A  B  to  a  b  ; 
and  then  to  form  a  Table,  {hewing,  at  Sight, 
the  Meafure  in  Parts  of  an  Inch,  anfwering 
to  all  the  Revolutions  and  Divifions  thereof, 
as  you  judge  there  will  be  Occafion  for ; 
which  is  eafy  to  be  done  by  thofe  who  have 
any  Skill  in  fiich  Matters. 

14.  Note,  whenever  you  go  to  meafure  an 
Gbjed,  fet  the  Index  precifely  at  10,  or  the 
Beginning  of  the  Divifions ;  alfo  let  the  Screw 
Hand  out  from  the  Plate  fomewhat  farther 
than  you  judge  to  be  the  Length  to  be  mea- 
tured;  and,  laftly,  with  one  Hand  turn  the 
inner  Tube  of  the  Microfcope,  and  with  the 
other  move  the  Objed  a  b,  fo  that  the  Part 
to  be  meafured  may  be  brought  very  nicely  to 

1  touch 
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touch  the  {harp  Point  O  of  the  Micrometer  ; 
then  turning  the  Index  about,  you  will  eafily 
perceive  when  the  faid  Point  is  juft  on  the 
other  Extremity  of  the  Part,  then  counting 
the  Revolutions  and  Degrees,  you  turn  them 
into  Parts  of  an  Inch,  as  before  taught. 

15.  In  Telefcopes  of  the  refradting  Sort, 
Micrometers  have  had  a  long  {landing.  In 
thofe  of  great  Lengths,  a  very  curious  Ma¬ 
chine  of  this  Kind  has  been  ufed  to  meafure 
fmall  Angles;  for  in  the  Telefcope,  it  is  the 
Angles  themfelves,  not  their  Subtenfes,  as  in 
the  Microfcope,  that  are  meafured  by  the  Mi¬ 
crometer.  And  to  know  the  Angle  which 
any  Body  or  Objedt  fubtends,  being  of  little 
Ufe,  except  in  the  heavenly  Bodies ;  the  Mi¬ 
crometer  in  the  Telefcope  is  only  applied  to 
meafure  the  Angles  fubtended  by  the  Diame¬ 
ters  of  the  Sun,  Moon,  and  Planets,  &c. 

16.  But  fince  long  Telefcopes  are  going  out 
of  Ufe,  and  fince  the  Micrometer  abovemen- 
tioned  is  a  very  compound  and  expenfive 
thing,  and  it’s  Defcription  would  be  very  te¬ 
dious,  I  chufe  to  pafs  it  by,  and  give  an  Ac¬ 
count  of  a  more  Ample  one,  which  contains 
in  it  the  true  Nature  and  Effentials  of  a  Mi¬ 
crometer;  confilling  only  of  two  Screws  in  a 
Piece  of  Wood,  Ring  of  Brafs,  &c.  fixed  to 
that  Part  of  the  Tube  of  the  Telefcope,  which 
is  the  common  Focus  of  the  Objedt  and  Eve- 
Glafs.  See  Plate  XXXIII.  Fig.  1. 


17.  Let 
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17.  Let  AB  and  D  E  be  the  Gbjedt  and 
Eye-Glafs  of  a  Telefcope;  and  KG,  HL, 
the  two  Screws  in  their  common  Focus. 
Now  if  the  focal  Length  of  the  Objeft-Glafs 
CF  be  known,  and  alfo  the  Number  of 
Threads  in  the  Screws  which  are  equal  to  an 
Inch,  then  will  it  be  eafy  to  compute  the 
Quantity  of  an  Angle  meafured  by  one  Revo- 

.  lution,  or  Part  thereof,  of  the  Screw.  Thus 
fuppofe  CF  =  10  Feet,  or  120  Inches,  and 
that  40  Threads  of  the  Screw  make  an  Inch 
precifely ;  again,  let  G  H  be  the  greateft  O- 
pening  of  the  Screws,  and  therefore  GCH, 
the  greateft  Angle  that  can  be  meafured  in 
this  Telefcope. 

18.  Then  if  GH  =  1  Inch,  FIF  will  be 
i  an  Inch,  and  therefore  in  the  Right  Angle 
Triangle  F  C  H,  there  being  given  the  Side 
CF  and  F  H,  we  fhall  find  the  Angle  FCH 
by  this  Analogy. 


As  the  focal  Length  CF  =  120  =  2.0791812 

Is  to  the  Side - FH  =  0.5  —  9.6989700 

So  is  the  Radius  -  -  45°  :  00'  =  10.0000000 


To  the  Tangent  of  the  An¬ 
gle  FCH  =  14  20"  = 


19.  Now  the  Screw  in  palling  over  FH 
will  make  20  Turns  or  Revolutions,  and 
lince  14'  :  20"  =  860'  ;  there! ore  fay,  As 
20 R  :  860"  :  :  iR  :  43"  ;  that  is,  an  Angle 

of 
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of  43"  is  meafured  by  one  Revolution  of  the 
Screw.  If  the  Index,  or  Hand  of  this  Screw, 
moves  over  a  Circle  on  the  Face  of  the  Mi¬ 
crometer,  divided  into  10  equal  Parts,  and 
thefe  fubdivided  into  10  others  each  ;  then 
every  tenth  Divifion  will  meafure  4"  :  i8/7/; 
and  every  hundredth  Part  2  $'"0%,  And  if  the 
focal  Diftance  C  F  be  greater,  the  Angles 
meafured  will  be  fmaller  in  Proportion. 

20.  If  it  happens  that  no  Number  of 
Threads  are  exadly  contained  in  an  Inch,  or 
any  known  Meafure,  there  are  feveral  Ways 
whereby  the  Angle  meafured  by  a  Revolu¬ 
tion,  or  Part  thereof,  may  eafily  be  compu¬ 
ted.  Thus  fuppofe  A  B,  C  D,  were  two 
Lines  drawn  parallel  to  each  other,  on  a  Wall 
at  a  fufficient  Diftance,  and  E  F  their  Di¬ 
ftance  ;  then  if  the  Telefcope  be  direded  to 
the  Line  E  F,  fo  that  the  Axis  thereof  K  L, 
be  perpendicular  thereto  ;  and  the  Diftances 
£  F,  K  L,  precifely  meafured,  the  Angle 
EKF  will  be  found  by  Trigonometry,  as 
above,  and  therefore  it  is  equal  to  f  Ke. 
Then  through  the  Telefcope  view  the  Image 
fe,  and  adjuft  the  Ends  of  the  Screws  to  the 
Extremities  thereof  very  nicely,  and  count 
how  many  Revolutions  and  Parts  of  a  Re¬ 
volution  are  made  before  the  Screws  meet. 
Then  fay,  As  the  Number  of  Revolutions  is 
to  the  whole  Angle  f  K  e,  fo  is  one  Revolution 
to  the  Angle  it  meafures.  Fig,  2. 
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21.  Or  thus,  fuppofe  EF  reprefents  a  Por¬ 
tion  of  the  Equinoctial  in  the  Heavens,  and 
let  E  be  a  Star  in  or  near  it  •,  then  having  di¬ 
rected  the  Telefcope  to  the  Star,  and  fet  the 
Ends  of  the  Screws  at  the  Diftance  of  a  cer¬ 
tain  Number  of  Revolutions,  bring  the  Star 
to  touch  one  of  them,  and  obferve,  by  a  good 
Pendulum  Clock,  the  Interval  of  Time  which 
the  Star  takes  up  in  palling  to  the  other,  then 
turn  that  Time  into  the  Minutes ,  Seconds, 
and  Thirds,  of  an  Arch,  and  they  will  be  the 
Meafure  of  the  Angle  of  that  Aperture  of  the 
Screws. 

22.  Or,  if  the  Star  be  at  anv  confiderable 
Diftance  from  the  Equinoctial,  the  Interval 
of  Time  obferved  in  the  Star’s  Tranfit  over 
the  Opening  of  the  Screws,  muft  be  leflened 
in  the  Ratio  of  the  following  Analogy,  viz. 
As  the  Radius  to  the  Sine  of  the  Stars  Dz- 
Jiance  from  the  Pole ,  Jo  is  the  Interval  of 
Time  obferved ,  to  the  Time  required  •,  which 
turned  into  Minutes  and  Seconds,  gives  the 
Angle  of  the  Aperture  of  the  Screws. 

23.  In  the  fame  Manner  you  find  the  Angle 
for  any  Aperture  of  the  Screws  in  a  Reflect¬ 
ing  Telefcope  ;  and  confequently  a  Microme¬ 
ter  may  be  fitted  in  thefe,  as  well  as  in  the 
other  Sort.  I  fhall  conclude  with  an  eafy, 
practical  Method  of  finding  the  Power  of 
magnifying  in  a  Reflecting  Telefcope,  which 
is  as  follows. 


24.  Ia 
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24.  In  a  Tube  of  6  Inches  Length,  fix  at 
one  End  a  Piece  of  Glafs,  on  which  are 
drawn  fome  parallel  and  equi-diftant  Lines, 
and  at  the  other  End  a  Piece  of  Paftboard  or 
Wood,  with  a  very  fmall  Hole  in  the  middle  j 
with  this  view  fome  diftant  Objedt,  whofe  ap¬ 
parent  Diameter  will  juft  equal  the  Interval  of 
two  of  thofe  parallel  Lines.  Then  put  the 
fame  Piece  of  Glafs  into  the  Focus  of  the 
Eye  -Glafs  of  the  Telefcope,  and  viewing  the 
fame  Objedt  again  through  the  Telefcope,  cb- 
ferve  very  nicely,  how  many  of  thofe  magni¬ 
fied  Intervals  the  magnified  Diameter  of  the 
Objedt  now  equals  j  then  may  the  Power  of 
magnifying  be  eafily  known. 

25.  For  fuppofe  the  focal  Diftance  of  the 
Eye-Glafs  be  1  Inch,  the  Intervals  of  the 
Lines  will  be  magnified  6  times  >  again,  fup¬ 
pofe  the  Diameter  of  the  Objedt  through  the 
Telefcope  appears  equal  to  8  of  thofe  Inter¬ 
vals,  it  is  evident  the  Telefcope  magnifies  6 
times  8a  or  48  times. 


CHAP. 
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CHAP.  XVII. 

I 


I 


An  Optical  Inf r  ament  for  meafuring 
the  Angle  of  Vifon ,  or  eflimating 
the  apparent  Magnitude  of  Bodies ; 
alfo  for  viewmg  P  erfpeBive  Printsy 
PiElureSj  &c. 


i.  HE  Indrument  for  thefe  Purpofes  is 


X  that  of  Fig.  3.  Plate  XXXIII.  con¬ 
fiding  of  a  Tube  ACBD,  containing  two 
Convex  Lenfes  AB  and  CD,  of  an  equal  fo¬ 
cal  Didance  i h  or  hn ,  and  placed  at  twice 
that  Distance  from  each  other  ;  exaftly  in  the 
midd  between  them,  and  therefore  in  the  Fo¬ 
cus  of  each,  is  placed  the  Glafs  Micrometer 
(before  defcribed)  EF ;  upon  which  the  Image 
g  h ,  of  any  didant  Objedt  G  II  is  formed  by 
the  Objeft-Glafs  C  D. 

2.  This  Image  being  alfo  in  the  Focus  of 
the  Eye-Glafs  AB,  is  feen  didindtly  by  the 
Eye  placed  in  the  other  Focus  m  ;  the  Rays 
g  l  and  h  k  being  parallel,  g  h  is  equal  to  k  l 
and  therefore  the  Angle  k  m  l  ~  h i g  •=-  GiU 
and  therefore  the  Image,  formed  in  this  In- 
drument,  is  feen  under  the  fame  or  an  equal 
Angle,  as  the  Objedf  fubtends  to  the  naked 


Eye; 
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Eye  5  And  confeqeently  the  Objed  is  neither 
magnified  nor  diminilhed  thereby.. 

3.  Now  fuppofe  the  Lines  on  the  Micro¬ 
meter  E  F,  are  40  to  an  Inch  5  (as  in  that  I 
ufe)  and  the  focal  Difiance  of  the  Glaffes  be 
one  Inch 3  then  the  Angle  which  the  Interval 
between  two  of  thofe  Lines  on  the  Microme¬ 
ter  fubtends  to  the  Eye,  is  of  iQ  :  26' 3  fo  two 
will  fubtend  an  Angle  of  20  :  52' ;  and  three 
an  Angle  of  4°  :  18' 3  and  fo  on :  the  Angles 
and  their  Subtenfes  being  very  nearly  propor¬ 
tional,  when  fo  fmall.  Hence  the  optic  Angle , 
or  Angle  of  Vijion ,  under  which  any  Objedl  at 
any  Dijlance  is  feen  by  the  Eye ,  is  immediately 
known  by  this  Infrument. 

4.  The  apparent  Magnitudes  of  all  Objects, 
are  hereby  eajily  eflimated  and  compared  3  for  as 
thefe  are  always  as  the  Images  formed  on  the 
Micrometer,  fo  the  Lines  or  Spaces  on  that 
will  readily  fhew  the  comparative  Magnitude 
of  them,  and  confequently  of  the  Objeds 
themfelves  in  Appearance  3  for  the  Qbjed 
whofe  Image  meafures  two  Lines  is  apparent¬ 
ly  twice  as  big  as  one  that  meafures  in  it's 
Image  but  one  Line,  and  but  f  as  big  as 
another,  whofe  Image  meafures  three  Lines. 

5.  By  this  Inftrument  you  alfo  may  meafurt 
very  nearly  the  Dijlance  of  Objedls 3  thus,  fup¬ 
pofe  you  obferve  an  Objed,  whofe  Image 
meafures  two  Lines  or  Intervals,  and  you  go 
back  till  it  meafures  but  one,  or  forward  till  it 
meafures  four,  in  either  Cafe,  the  Space  or 

T  Length 
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Length  you  went,  is  equal  to  the  Diftance  of 
the  Objedt  from  the  Place  where  you  firft  ob- 
ferved  it. 

6.  Again,  the  Diftances  of  Objects  being 
known ,  their  Heights  are  meafured  pretty  exact¬ 
ly  by  this  Inftrument .  For  the  Proportion  is 
As  the  focal  Diftance  of  the  Bye-Glafs  to  the 
Length  of  the  Image,  fo  is  the  Diftance  of  an 
Objedt  to  it’s  Height ;  that  is,  ig :  gh  : :  iG  :  GH. 

7.  This  Injirument  is  very  ufeful  in  drawing 
the  Out-Lines  of  any  Landfcape  or  ObjeB  you 
would  delineate .  For  by  means  of  a  circular 
Piece  of  Glafs,  with  fmall  Squares  drawn  there¬ 
on,  and  put  in  the  Place  of  the  Micrometer 
E  F,  you  may  reprelent  the  Objedt  or  Pidture 
in  the  fame  juft  and  natural  Proportion  and 
Difpofition  on  any  larger  Squares,  as  you  fee 
in  the  Image  on  the  fmall  ones 3  fo  will  the 
Perfpedtive  of  the  Piece  be  perfedt. 

S.  This  fmall  Machine  is  extremely  ufeful for 
viewing  perfpeclive  Prints ,  Views ,  and  Pictures , 
&c.  For  as  when  you  view  Nature,  it  gives 
you  a  beautiful  Projedtion  thereof  on  the  per¬ 
fpedtive  Plane  3  fo,  on  the  contrary,  when  you 
view  a  Print,  Pidture,  or  any  Piece  in  per- 
fpedtive,  it  refolves  it  all  into  Nature,  and 
gives  you  the  fame  Ideas  of  the  Pofttions  and 
Diftances  of  Objedts  in  the  Print,  as  you 
would  have  by  viewing  the  things  themfelves 
in  Nature.  It  gives  to  Pidtures  fuch  a  natural 
and  furprizing  Relievo ,  as  make  the  Life  itfelf 
be  there.  If  it  be  a  Face,  the  Cheeks  are 

protuberant, 
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protuberant,  the  Nofe  projects,  the  Eye¬ 
brows  over-hang  and  darken  the  Cavities  be¬ 
neath,  in  which  the  Eyes  and  Eye-lids  feem 
to  put  themfelves  in  a  Pofture  to  view  you,  and 
the  Lips  are  about  to  fpeak.  In  ihort,  the 
Picture  or  Landfcape  being  well  done,  and  in 
it's  proper  Colours,  it  is  almoft  impoffible  to 
diftinguifh  it,  feen  thro'  fuch  a  Glafs,  from 
Nature,  or  the  Life  itfelf. 

9.  But  mo  ft  efpecially  thofe  Fixtures  of 
Nature's  own  drawing,  (viz.  thofe  by  a  dark 
Chamber )  viewed  by  fuch  a  Glafs,  are  moft 
delightfully  fine  and  beautiful.  For  as  they 
are  painted  always  inverted,  fo  this  Inftrument 
erects  the  whole,  and  gives  that  Pleafure  and 
Perfection  which  only  was  wanting  to  make 
the  Pictures  of  a  darkened  Room  abfolutely 
compleat  the  Repreferrtation  of  Nature, 
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CHAP.  XVIII. 

* 

i 

Of  the  Magic  Lanthorn ,  and  Opera 

Gla/s. 

/ 

I.  HjP1  H  E  Magic  Lanthorn  is  an  optical 
Machine,  faid  to  be  the  Invention  of 

Mr  -  Kircher ,  in  order  to  magnify  fmall 

Obje&s  in  a  dark  Room ;  and  has  been  fince 
tifed  rather  to  farprize  and  amufe  ignorant 
People,  and  for  the  Sake  of  Lucre,  than  for 
any  other  Purpofe,  and  thence  it  had  it's  com¬ 
mon  Name  :  It  has  been  alfo  called  Lanterna 
Mcgalographica ,  from  it’s  Property  of  magni¬ 
fying  f?nall  Objects, 

2.  The  Conftrudtion  and  Theory  of  this 
Inftrument  are  very  eafy  to  be  underftood, 
and  are  as  follows.  In  a  darkened  Room 
A  BCD,  is  placed  a  dark  Lanthorn  E  FG  H, 
in  the  Side  of  which  F  H  is  fixed  a  round 
Tube  KLNM,  within  which  Hides  another 
Tube  O  P,  lb  that  the  whole  may  be  length¬ 
ened  or  fhortened  as  Occafion  requires.  In 
the  inmoft  End  of  the  firft  Tube  is  placed  a 
large  Plano-convex  Lens  K  L,  and  towards 
the  external  Part  of  the  other  another  double 
Convex  Lens  ST.  In  the  firft  Tube  there  is 
a  Contrivance  for  paffing  through  it  a  fmall 
Frame  or  Plane  of  Glafs,  on  wdiich  are  painted 

divers 
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divers  fmali  Objedls  in  tranfparent  Colours,  as  at 
QR.  See  Plate  XXXIV.  Fig.  i. 

3.  In  this  Lanthorn  is  a  Lamp  or  Candle  I, 
which  by  means  of  the  great  Convex  K  L  be¬ 
fore,  and  a  large  Concave  Speculum  X  Y  be¬ 
hind,  does  very  ftrongly  illuminate  the  Objedfc 
QR.  If  now  the  Lens  ST  be  moved  a  little 
farther  from  the  Objedt  QJR  than  is  it’s  focal 
Diftance,  it  will  form  a  Reprefentation  of  the 
fame  at  a  great  Diftance  on  the  oppofite  Wall, 
in  a  large  Image  as  V  W  ;  which  will  be  as 
much  larger  than  the  Objedt  QJR,  as  the  Di¬ 
ftance  Z  V  is  greater  than  Z  R.  All  which  is 
evident  from  the  Theory  of  a  Convex  Lens. 

4.  As  the  Tube  OP  is  moved  farther  out 
of,  or  into  the  Tube  MN,  the  Image  V  W 
will  be  fmaller  or  larger,  according  to  the  Di¬ 
ftance  of  the  oppofite  Wall.  And  tho’  thofe 
Objedts  are  generally  fome  humerous,  ridicu¬ 
lous,  or  frightful  Figures,  to  divert  or  fcare 
the  Spectators  3  yet,  I  believe,  this  Machine 
might  be  applied  to  more  ufeful  Purpofes,  in 
magnifying  the  tranfparent  Parts  of  Animal  / 
and  Vegetable  Subftances,  as  Wings  of  Flies, 
Membranes,  &c,  efpecially  if  enlightened  by 
the  Sun-Beams  in  a  darkened  Chamber,  as  I  / 
have  many  Times  experimented. 

5.  But  enough  of  this  Inftrument.  That 
which  I  fhall  next  defcribe  is  called  an  Opera 
Glafs ,  from  it’s  being  ufed  by  Gentlemen  in 
Play-houfes,  and  fometimes  a  Diagonal  Per - 
jpeffive,  from  it’s  Confirudtion3  which  is  as 

follows. 
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follows.  ABCD  is  the  wooden  Tube  about 
4  Inches  long ;  E  F,  G  H,  are  two  Holes  on 
each  Side,  exadly  againft  the  middle  of  I  K 
a  Plane  Mirrour,  which  refieds  the  Rays  fall¬ 
ing  upon  it  to  the  Convex  LM,  thro*  which 
they  are  refraded  to  the  Concave  Eye-Glafs 
N  O,  whence  they  emerge  parallel  to  the  Eye 
at  the  Hole  rs,  in  the  End  of  the  Tube. 
Fig.  2. 

6.  Let  P  a  QJbe  an  Objed  to  be  viewed, 
from  whence  proceed  the  Rays^  P  c,  a  b,  and 
Q^/,  thefe  Rays  being  refleded  by  the  plane 
Mirrour  I  K,  will  fhew  the  Objed  in  the  Di- 
redion  cp,  ba ,  dqy  in  the  Image  pqy  equal 
to  the  Objed  P  and  as  far  behind  the  Mir¬ 
rour  I  K,  as  the  Objed  is  before  it ;  the  faid 
Mirrour  being  placed  fo  as  to  make  an  Angle 
of  45  Degrees,  or  half  a  Right  Angle  with 
the  Sides  of  the  Tube,  all  which  is  evident 
from  the  Theory  of  a  Plain  Mirrour,  here¬ 
tofore  explained. 

7.  Therefore  confidering  pq  as  an  Objed, 
the  Cafe  of  this  perfpedive  Glafs  is  reduced 
to  that  of  a  common  refrading  Telefcope  of 
Galileo  s  Form,  whofe  Objed-Glafs  is  L  M, 
and  Eye-Glafs  N  O.  And  fince  in  viewing 
Objeds  near  at  hand,  no  magnifying  of  them 
is  neceflary,  the  focal  Diftances  of  both  the 
Glafi'es  may  be  nearly  equal ;  or  if  that  of 
LM  be  three  Inches,  and  that  of  N  O  be 
one  Inch,  the  Diftance  between  them  will  be 
but  two  Inches,  and  the  Objed  will  be  mag- 
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nified  three  times,  which  is  enough  to  anfwer 
the  Defign  of  this  Glafs. 

8.  If  the  Objed  be  very  near,  as  X  Y,'  it 
is  viewed  through  a  Hole  xyy  at  the  other 
End  of  the  Tube  AB,  without  an  Eye-Glafs, 
the  upper  Part  of  the  Mirrour  being  poliflhed 
for  that  Purpofe,  as  well  as  the  under.  This 
Tube  unfcrews  near  the  Objed-Glafs  LM, 
for  taking  out’  and  cleanfing  the  Glaftes  and 
Mirrour.  I  prefume  enough  is  faid  to  ex¬ 
plain  the  Nature  and  Conftrudion  of  this 
common  and  well  known  Inftrument. 

9.  The  peculiar  Artifice  of  which  is,  to 
view  a  Perfon  at  a  final!  Diftance  in  inch  a 
Manner,  that  no  one  fhall  know  who  it  is 
that  is  ken’d  at,  though  they  know  your  De- 
fign  ;  and  that  on  a  double  Account,  viz,  be- 
caufe  the  Inftrument  points  towards  another 
Quarter  than  that  in  which  the  Perfon  is; 
and  becaufe  there  being  a  Hole  on  each  Side, 
it  is  impoffible  to  know  on  which  Hand  the 
Objed  is  fituated  which  you  are  viewing. 
The  Pofition  of  the  Objed  will  be  ered  thro* 
a  Concave  Eye-Glafs.  And  Objeds  fituated 
high  or  low  will  eafily  be  found,  by  turning 
the  Inftrument  round  one  Way  and  the  other 
about  it’s  Axis. 
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ADVERTISEMENT. 

New-Invented  Pocket  Reflecting 

MICROSCOPE  S, 

WITH 

MICROMETERS; 

Made  and  fold  by  Benjamin  Martin, 
in  Chichefter ,  at  the  following  Prices,  viz. 

{With  a  Micrometer  at  One  Guinea. 
Without  a  Micrometer  at  Ten  Shillings 
and  Six-pence. 

Thefe  Pocket  Microfcopes  of  the  Left  Sort,  have 
the  very  fame  G  la  lies,  take  in  as  large  a  View,  and 
magnify  Objects  as  much  as  the  largeft  and  bell  Re- 
HedHng  Microfcopes  ever  yet  made.  The  others  are 
as  good  in  Effect.  Thefe  Microfcopes  have  all  the 
Ufes  of  other  Microfcopes,  and  many  which  they  have 
not.  Any  Gentleman  may  have  them,  at  the  Britijh 
Coffee- Houfe,  in  Finch-Lane ,  London  ;  or  fent  to  any 
Part  of  England ,  by  a  Letter  to  me  at  Chichejler. 
Allowance  will  be  made  to  thofe  who  take  a  Quan¬ 
tity. 

Lately  Publijh'd 7 

With  an  Appendix,  by  the  fame  Author, 

The  D  escription  and  Use  of 
the  above-faid  Microscope. 
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